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INTRODUCTION

This final report is primarily concerned with the development of

electronic instrumentation firmware and software associated with balloon-

borne auadrupole ion mass spectrometers. Work associated with rocket-

borne instrumentation is summarized. Some of the work reported originated

under the prior contract I. The remainder of the work discussed can be

classified as the refurbishment of recovered instruments or the construc-

tion of somewhat modified versions of previously designed packages. The

material which follows is grouped into two chapters.

The first chapter is concerned with rocket Programs. The instrumen-

tation provided was an outgrowth of that developed under the previous

contract. System concepts have remained the same and the majority of the

modifications from one vehicle to the next have been made to accommodate

variations in spectrometer design or the scientific objectives of the

experiment itself. Consequently the changes incorporated into this genera-

tion of instruments have usually been those required to realize different

voltage ranges, quadrupole exciter frequencies, data word length, packag-

ing constraints and modernization of existing circuits. This being the

case, the majority of the discussions found in Chapter 1 are quite brief.

Detailed discussion of the electronic systems associated with the rocket-

borne instruments may be found in References 1 and 3.

The second chapter is concerned with a balloon-borne system. This

work started under the previous contract and was continuously carried on

until the completed system was delivered to the Air Force in August 1981.
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During the contract two Scientific Reports 2 ,5 dealinq with the balloon-

borne systems were issued. An in-depth discussion of the instrumentation

developed is carried in this chapter. Previously issued in-house type

publications concerned with flight and qround control routines are in-

cluded in the appendices.
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I. ROCKET PROGRAMS

A. THE 1979 SOLAR ECLIPSE

Two cluster ion mass spectrometer (CIMS) electronic packages were

completed for the AFGL Solar Eclipse Program. Work on these units was

initiated during the prior contract. Anticipating less sophisticated

around support equipment at the Red Lake Launch Site, Ontario, Canada,

than had been previously available at WSMR, 10-bit synchronization and

data words were employed in the PCM data transmission system. One rocket

package was completely constructed while the second resulted from the

modification of a package which had not been launched from WSMR earlier.

In the latter case, new flight control units had to be constructed. A

new design and package layout for the hiqh-voltage section was incor-

porated in these vehicles. The quadrupole excitation signal and control

circuits were substantially the same as in the WSMR rounds. Descriptions

of the control circuits may be found in Reference 1. The ac exciter cir-

cuits, developed in part as a sponsored Master of Science Thesis by

T. Palasek, were described in the Scientific Report No. 2 issued under

3
this contract . Field support was supplied for both vehicles during the

period 8 February - 1 March 1979 at the Chukuni Launch Range, Ontario,

Canada. Both packages were successfully flown on 26 February 1979. The

first vehicle was launched durinq the totality and the second was launched

approximately 45 minutes later.

B. THE SOLAR PROTON EVENT PROGRAMS

The CIMS instruments constructed under this program were essentially

the same as those employed in the Solar Eclipse Proaram and thus the com-

-3-



mon background of development is once more to be found in the publications

of the previous contract.

1. The 1980 SPE

Two CIMS instruments were prepared for an October 1980 launch at

Poker Flat Rocket Range, Chatanika, Alaska. One instrument became avail-

able due to a cancellation of a launch at WSMR and consequently merely

required modification. The other was completely constructed. With the

exception of the bias section, the same type of the electronic subsystems

used in the Solar Eclipse Program were also employed in the SPE instru-

mentation. In the bias section, the cumbersome current sources and vol-

tage dropping devices used to generate the accelerator and common-rod

bias signals were replaced by a high-voltage operational amplifiers. The

target high-voltage supply (Venus K30-Z) was moved from the RF section of

the instrument onto the same deck with the multiplier high-voltage supply.

The latter was instrumented with a F-50 model to avoid the increasing

costs of the previously used MGI2. The RF oscillator frequency was re-

duced to 1.85MHz thus allowing operation up to 255 amu without pushing

the oscillator output capabilities to the limit.

The two instruments were delivered to AFGL and one was subsequently

launched on 22 October 1980 and then recovered. Personnel from this con-

tract were not involved in the field party.

2. The 1981 SPE

The recovered instrument from the 22 October 1980 launch was refur-

bished and checked out along with the vehicle which had not been launched.

Payload and integration tests were conducted at AFGL. Contract personnel

provided field support for these two vehicles at PFRR, Alaska, during the
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period 5-19 August 1981. Both vehicles were installed on launchers and

a solar proton event, SPE, awaited. Since a SPE did not appear likely

in late August the field personnel returned on 19 August 1981 and went

into a standby mode.

The field party returned to Alaska under the follow-on contract on

13 October 1981. One vehicle was launched on 26 October 1981.

C. THE AURORAL E. PROGRAM

A previously flown (1975) switched positive ion/neutral instrument

was refurbished for the Auroral-E program conducted during March of 1981

at PFRR, Alaska. The instrument predated the CIMS and had sustained some

damage during the previous flights. Therefore, some of the damaged and

outdated circuits were improved and simplified. The broken transformer

core of the RF oscillator was replaced by a core of the same vintage.

But the RF amplitude control circuits which preceeded the comparator

peak detector were modified. The flight programmer was completely re-

designed and constructed in order to meet the new program requirements

set by the scientist. An interface and safety interlock unit was also

incorporated in the refurbished package.

The new proqrammer design was built about the 2758 EPROM. Two-byte

control words were used to define the bias voltages and the mass filter

excitation signals. A breakpoint was generated whenever a digital com-

parator detected a match between a counter output and those digits in

the control word which were used to define a specific amu number. All

together two separate programs containing 256 breakpoints each could be

run. The vehicle timer selected the programs.

5-



The interface unit was desioned to interconnect the mass spectro-

meter, the telemetry system, the power transfer circuits, the flight

timer and the umbilical connections. It replaced a previously used unit

to provide additional space for other experiments in the vehicle. The

relay used to switch between internal and external power sources was

included in this unit. Buffer amplifiers were used to isolate the

monitor signals going into the telemetry unit from the loading and noise

pickup created when the umbilical cable was connected. An interlock

arrangement in the timer unit was provided to prevent the possibility

of simultaneous conflicting commands issued by the vehicle timer and the

ground controller.

The electronics package was delivered to AFGL in October 1980 and

subsequently followed through payload integration and testing. Contract

personnel were not involved in the field program, but the rocket was suc-

cessfully launched on 6 March 1981.

-6-



II. BALLOON BORNE ION MASS SPECTROMETER

A. OVERVIEW OF THE BBIMS PROGRAM

The development of the highly flexible electronics system to control

a balloon borne ion mass spectrometer (BBIMS) had its origins under the

previous contract. Some of the basic functions which were needed were

incorporated in a prototype microprocessor-based design developed under

a sponsored Electrical Engineer Thesis by V. Gerousis. This work was

published under this contract as Scientific Report 2 No. 1.

A detailed description of the final system developed under this con-

tract was presented as a conference paper 4 and subsequently issued as

Scientific Report5 No. 3. Since that publication carries a detailed

discussion of the system and its capabilities the remaining sections of

this chapter will be devoted to descriptions of the major circuits compris-

ing the system together with their circuit diagrams. Previously issued

in-house publications concerned with fliqht and around control routines

are included in the Appendices.

Functionally the electronics system of the BBIMS was subdivided into

three major subsystems: the exciter circuits, the control circuits, and

the communication circuits. The primary function of the exciter circuits

was to generate and to provide analog signals to the structure of the mass

filter. The control circuits determined the parameters that placed the

mass filter in a desired mode of operations within the mass spectrum.

Data transmission and ground based commands to the airborne unit were in

the realm of the communication circuits, which included a Ground Control

Unit (GCU).
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The diQital control signals to the analog circuits passed through a

D to A interface. From these signals the dc and the ac components of the

quadrupole excitation signal were generated. The ratio between the two

components was determined by a multiplying DAC. Another set of five DAC's

were used to provide bias voltaqes to the filter and to the ion optics.

These basic tasks, with very limited communications and data handling

capabilities, were incorporated in a preliminary microprocessor based de-

sign reported in Reference 2. Chanaing and expanding requirements for

flexibility in the control and communications capability of the balloon

borne instrumentation package required a redesign of the system. Noise

induced error compensation, selected bias voltaae sweep, controlled amu

band fast spectrum scan, cummulative count and other modes of operation

were incorporated. Combinations of these modes were also possible. Com-

munications through a serial UP/DOWN links and/or through the serial UP

and through the PCM DOWN links were introduced. Data gathering and trans-

mission were synchronized with the PCM encoder. This new primary micro-

processor based system was augmented with an independant secondary combi-

national/sequential CMOS logic system. The control of the exciter circuits

was exercised through a common interface with the CPU.

The data from the balloon borne instruments were processed by a pro-

grammable CMOS PCM encoder. The received PCM data were demultiplexed and

displayed for monitoring purposes by a GCU. Control over the airborne

instrument was also exercised through GCU. The radio links were not in-

cluded in the development and were furnished by AFGL.

8-
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B. THE EXCITER CIRCUITS

1. Power Transfer and Supplies

The power transfer circuits included in the mass spectrometer package

are shown in Figure 1. The main power from the 2P volt balloon battery

assigned to the spectrometer was controlled by a master relay not shown

in the drawing. The same relay also transferred the power from an 8 volt

battery to the pP bast- mass spectrometer control circuits. The master

relay in turn was controlled through a tone command link. The power to

the high voltage supplies and the RF oscillator were also controlled

through the tone command system. Two channels of the link provided ground

closures for the 2N2907 transistors to turn the power ON and OFF. Separate

controls for the HV and the RF circuits were provided for convenience dur-

ing laboratory operations.

The power supply circuits are shown in Figure 2. The battery voltaae,

preregulated to 20 volts, powered the dc-dc converter. The nonsaturating

squarewave ac to ac converter used two FERROXCUBE 2616-3C8 pot core trans-

formers to provide the necessary outputs for the bridge rectifier circuits

HEXFET's driven by a 25kHz symmetrical squarewave derived from a CMOS os-

cillator provided the chopped dc to the transformers.

Three additional voltages were derived without the benefit of the

transformer. The +20V was taken from the previously mentioned preregulator,

+40 volts was obtained from the drive circuits of the HEXFET's (J,H) and

the -20 volts was generated throuqh a dc restorer circuit. The output

circuits of the last two sionals are shown in Figure 1. The -20V were

used to switch the 4V and the RF power relays OFF during the flight. The

+40 volts were provided for busing. Voltaqe regulation was provided at

the circuit level whe' required.
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The high voltages for the positive ion target and the electron multi-

plier were derived from commercially available supplies.

2. Bias Circuits

The bias and the bias monitor circuits are shown in Figure 1. The

digital control word was latched into the 11P compatable DAC configured for

bipolar operation. The output was amplified by a high voltage amplifier

to the required level. Precision rectifiers provided unipolar monitor

signal for transmission through the telemetry. Five such bias circuits

were used in the BBIMS unit.

3. Vacuum and H.V. Monitors

The quadrupole housing vacuum was monitored by a heated thermocouple

junction. The circuit shown in Figure I provided the necessary signals.

The heater current of 2OmA was generated by the voltage regulator config-

ured into a current source. The thermocouple junction voltage was detected

and amplified to a level acceptable to the telemetry. The H.V. monitors

are also shown in the same figure.

4. Pulse Detector

The output pulses of the electron multiplier were conditioned by the

circuit shown in Fiqure 1. The charge sensitive preamplifier-discriminator

(AMPTEK A-lOl PAD) was set to detect charges of 1O-12 Coulomb. The pre-

amplifier output pulses of 220ns were conditioned by the flip-flop for

transmission to the pulse counter in the flight control unit.

5. Sweep Circuits

The dioital circuits to control the quadrupole excitation signals are

shown in Figure 3. The code desicnating the start of an amu sweep was

latched into the presettable counter (Z25 - Z27). The counter was advanced

at regular intervals until the last amu code in a particular sweep was

- 10 -



reached. That code was stored in latches Z2 8, Z2 9 ) for comparison with

the output of the counter. Upon a match the comparator (Z3 1 - Z33) Pro-

duced a pulse used to initial the next control process. One of the pos-

sible processes adjusted the ion count for system noise. During this time

the ratio between the ac and the dc qudrupole excitation signal components

was raised to inhibit the ions from reaching the electron multiplier. This

was accomplished by putting the latches Z29 and Z30 containing the ratio

code into the high impedance state. The amu and the ratio control codes

If were periodically transferred into the shift register (Z34  Z3 6 ) for

transmission to the PCM encoder.

The digital amu and ratio control codes were converted into appropri-

ate analog signals by the DAC's and the amplifiers shown in Figure A. Thus,

the analog signals for the DC amplifiers and the control of the RF oscil-

lator were generated. The additional gain necessary for operating the

quadrupole mass filter in the hiah pass mode was Provided throunh the FET

oate.

To obtain the renuired DC voltaqe levels and to inject the common 0

bias pedestal into the Quadrupole structure, circuits shown in Figure 5

were used. High voltaqe operational amplifiers augmented by power trans-

istors (03. 04) were employed to handle the large voltaoe range. Current

sources (Q2 " 06) were used in the collector circuits to minimize power

dissipation during quiescent periods. To decrease the rise time during

large signal increments the current source capability was increased from

3mA to 25mA by forcing Q1 and 05 into saturation for a short duration.

6. The AC Exciter

The circuit diagram of the oscillator which provides the ac excita-

tion signal to the quadrupole filter is shown in Figure 6. The transformer

- 1 -



driving the 1.9cm quadrupole rods was wound on an acrylic toroid llcm in

diameter, 5cm high and a wall thickness of 1cm. Chokes were used to pre-

vent the ac from enterina the dc excitation signal circuits.

The oscillator operated at 600kHz with the peak voltage spanning a

10 to 1600 volt ranQe. The control over the amplitude was exercised

through an operational amplifier (3581) where the control and the feed-

back sicnals were summed. The feedback signal was derived from the trans-

former output winding throuqh a capacitive divider and a dc restorer circuit.

To provide sufficient ac feedback signal for the driver transistors

(2N5008) of the oscillator. aditional capacitors (3.2kpF) were switched

throuqh VN10KM into the ba-r driv.' circuits during the operation in the

lower output range. The s;.,chover, in the excitation signal controlled

through the bias control circuit, produced a transient of short duration.

Therefore, the point where the feedback circuit switched, was selected to

fall within a range of the mass spectrum of little or no interest to the

exDerimenter.

To protect the oscillator from accidental overdrive or overheating

due to a orolonged operation in the upper mass range, current sensina and

thermal shutdown circuits were used. Both circuits provide abrupt re-

covery to insure resumption of oscillation.

C. THE FLIGHT CONTROL UNIT

The Flight Control Unit (FCU) provided digital signals to control the

operation of the ion mass spectrometer. Commands and data also were pro-

cessed by the unit. The control unit consisted of two subsystems. The

primary system was based on an 80851liP while the secondary system employed

- 12 -



CMOS combinational/sequential loqic. The control of the instrument could

be transferred between the two systems throuoh the tone command link of

the balloon. Both systems worked throuoh a common interface to reach the

digital to analog conversion circuits which controlled the generation of

the excitation signals for the mass filter and the bias voltaqes for the

ion optics.

1. CPU

The VP based control circuits are shown in Figure 7. Only two inter-

rupts were used to divert the pP to priority tasks. Request for data from

the PCM encoder utilized the interrupt 7.5. The RF reset command was

utilized to activate the TRAP interrupt in order to return the system to

the beginning of the data gathering program without destroying the elapsed

fliqht time counter in U143 (CLK2).

Normalization of the spectrometer data to counts per second before

the transmission from the RAM was performed by the arithmetic unit (U141).

The unit was not capable of operating at the iP clock rate. Therefore, the

clock frequency was halved and a WAIT state was generated by U163 and Ul170

respectively.

Data from the mass spectrometer was received by the counter in U143

(CLKI). The output of U158 was reset to ZERO at the beginning of every

data collection period by a signal originating at PA3 of U142. The status

was sensed at PCO of the same unit. This process in effect reset the

flip-flop in the data conditionina circuit at the electron multiplier.

Upon command the data counter in U143 reset itself on the negative trans-

ition followina the first positive transition of the input. Only then

the counting began. Therefore, the reqistered count could differ by as

13



many as three counts from the actual number of ion impacts. To correct

the result U166 was used. At the end of the data collection period the

outputs of U158 and U166 were examined. A ONE at the output of U166 re-

sulted in an addition of two to the count. One was added when the output

of U158 was found to be high. Error of three counts was indicated when

the outputs of both circuits were high.

The other two counters within the U143 were used for timing purposes.

The elapsed time in seconds since the last reset of the whole system was

kept by the counter 2. The length of the data collection period was de

termined by the counter 0. The two counters were driven at 1Hz and 20OHz

respectively. The signals were derived from 204.8kHz clock (BA) through

U168, U169 and U172. The end of the data collection period was trans-

mitted to PC3 of 11142 and to the data conditioning flip-flop in the mass

spectrometer. The data collection began when the inhibit signal at GATE 1

of IJ143 and MR of U169 was removed. The counter 0 of LJ165 determined the

frequency of the AC exciter. This information was used to adjust the am-

plitude of the quadrupole excitation signals to compensate for frequency

drift. The counter was activated periodically for one second by U174-U176

and PA2 of U142. The frequency correction subroutine could be bypassed

through the switch at PBI. The counter 1 of U165 timed the length of com-

munications through the serial command link. Any attempt to communicate

beyond allotted time was interrupted through PC5. The UART (U159) was

driven by a clock signal generated in U142. To insure that communications

were attempted through a viable link, the AGC of the balloon borne receiver

was connected to DSR of the UART.

14-
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Other control signals passing through the U142 I/O ports included the

RAM DUMP request to and the acknowledgement from the PCM encoder (PAO and

PCl respectively). The request to dump the RAM information was inhibited

during combinational logic operation (U164). The synchronization of the

data to PCM encoder was accomplished through PAl, PC2 and U163. Finally,

the message from the tone command link not to adjust the mass spectrometer

data for noise induced errors was received through PBO.

2. Buffer and Interface Circuits

The address bus to the RAM and the EPROMS' was buffered through U145,

U146, U152, U153 shown in Figure 8. The data bus to the RAM/EPROM CIRCUITS

was split into two unidirectional buses buffered by U151 for the outgoing

and U167 for the incoming data. U144, 147, 148, 149, 162 and 177 buffered

and created various chip select, enable and strobe signals to the memory

circuits. The interface to the CMOS data circuits was created by pull-up

resistors (Ul50) and CMOS buffers U154 and U155. Low oower Schottky TTL

(U161, 162) provided chip select signals. The CMOS latch U156 transmitted

control data to the D/A interface circuits. A code consistinq of the 5LSB's

of U160 was decoded in the combinational logic circuits where strobe sig-

nals were generated to latch the control data into the anpropriate circuits.

The MSB was used to start the mass spectrometer data collection process.

U157 served as a temporary storage for data to the PCM encoder. Finally,

the U164 buffered the CPU/COMB LOGIC control selection signal from the tone

command circuits.

3. Memory

The CPU programs and the mass spectrometer flinht control library

were stored in six of the eight 2716 EPROM's (U98-UI03) shown in

Figure 9. Two were used as spares. Units U198, 199 were assigned to the
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CPU, the rest to the spectrometer.

Only 4k bytes (U90-U97) of the 16k byte RAM used as a temporary data

storage are shown. Since the memory was located on a separate board from

the MPU, the two data buses (DBIN, DBOUT) and the address bus were buffered

by U206-U209. Three to 8 decoders (U204, U205) provided the chip select

signals.

4. Combinational/Sequential Logic Circuits

Figure 10 shows the timinq and the data circuits of the combinational/

seauential portion of the MS flight control unit. The length of a data

collection period (dwell time) at a civen mass domain, as well as, the

duration of the data adjustment process for noise induced errors was con-

trolled by these circuits. The data collection circuits and the shift

registers necessary to present the data in a proper sequence to the PCM

encoder also were included in this portion of the system.

The clock signals originated at the oscillator formed by U86 and

associated components. The 3.2768MHz output was converted into two siq

nals of 0.2048MHz and O.A192MHz by the frequency divider U85. The former

signal was transmitted to the CPU section as the BA time. The latter sig-

nal clocked the presettable divide-by-N counter (1165, 66,88 and 89). This

presettable frequency divider in conjunction with the counter U54 estab-

lished the dwell time in multiples of 5 milliseconds. The divider was

preset to a count originating in a set of instructions controlling the ion

mass spectrometer during a given segment of a program. Latches U56 and

U191 served as a temporary storaqe for that 16 bit dwell time determinina

instruction.

A 16 bit data counter was formed by U61-U64. The data (BQ) entered

the counter through the circuit of U78. To correct the count for the
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division by two, performed in the signal conditinninq circuit at the elec-

tron multiplier, the contents of the counter were shifted one position

towards the MSB when transferred into the serial-to-parallel converter

(USO, 51). The least significant bit of the incoming data stream was in-

troduced directly into the S-to-P converter. This accounted for odd num-

bers of ion impacts.

To adjust the collected data for noise induced errors the counter was

set into the countdown mode. The data sianal triggering the counter was

inverted. Durina the correction process the ions were prevented from

reachinn the electron multiPlier. Thus the data count was reduced by the

number of noise induced multiplier pulses. Obviously the same dwell time

as for data collection was used for the adjustment.

During the switchover into the countdown mode, the contents of the

data counter were preserved by a preset enable signal from U72. This

"store the count" command oriainated in the control section of the CL

system.

The counting process started with a reset of the dwell time counter

which also enabled the data counter. A GO command at U77 enabled U83.

The dwell time counter started receivina clock pulses. At the sawe time

the flip-flop in the electron multiplier section was enabled. An over-

flow in the 1154 marked the end of the data collection interval by inhibit-

inq the flow of data. A DATA READY pulse was nenerated by U79.

The circuits U50-U53, 55, 71 and 74 formed a portion of the parallel-

to-serial data converter. Other circuits of the chain were located in

different parts of the mass spectrometer electronics package. The inte"-

connections with the other members of the chain are indicated by letters

B, L and M. The parallel-to-serial converter was configured to present,

- 17 -
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upon request, the various digital data and monitor signals to the PC 1 en-

coder in a prearranged sequence.

The data and the dwell time reqisters (U50-U53) were loaded by the

P/S control pulse. That pulse was generated only when new data was ready

for transmission. The registers U55, 71 and 74 used to indicate system

status were loaded by Ist. FRAME sinnal for each minor PCM frame.

The shift reqisters were clocked by a siqnal from U67. Upon reauest

from PCM encoder (MS of 179) the gate L173 was enabled allowing pulses

from the oscillator U76 to clock the counter U67. The flip-flop U77 was

SET after eight clock pulses were passed to the shift registers. Thus a

new byte of data was shifted into U68. Buffer U70 presented that data in

parallel form to the digital multiplexer of the PCM! encoder.

The control signals for the mass spectrometer originated in the cir-

cuits shown in Figure 11. Each seqment of the flioht program was defined

by a 32 byte instruction set. These instructions were stored in the

EPROM's U3 and U4. Sequential selection of each instruction within a set

was controlled by the counter U7 and U8. The same 5 bits that addressed

the EPROMS also controlled the 1 of 32 decoder (U12 and U13) used to qen-

erate strobe signals to latch each instruction into an appropriate P to A

interface circuit or to control events within the combinational/sequential

lonic circuits. The width of the strobe pulse was determined by 15 which

enabled the selection circuit for a fraction of the system clock period.

Units 44, 115 and 36 buffered the strobe signals, while IUll was used as a

tri-state interface between the CL circuits and the MPU signals (SELX).

The startina addresses of the instruction sets were stored in U2. A

counter (UIl) provided the 7LSB's of the address. The 4 MSB's were pro-

vided by the presettable counter (!I1. The counter could be preset through

the tone link. Thus up to 16 different programs were available in the
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flight repertoire. The selected instruction sets were presented in par-

allel form to the mass spectrometer circuits by the buffer U5.

Control over the sequence of events within the CL control unit was

exercised through a sequencer consisting of a presettable counter U29

and 4 to 16 decoder U28. Gates and flip-flops routed and stored the con-

trol sionals to and from other parts of the unit.

When a new instruction set was to be introduced into the mass spec-

trometer circuits, a ONE at Qo of U28 inhibited the counter U29 through

U18, 21, 27 and 37. The circuit consistina of U16, 18, 19, 42, and 33

was enabled. Thus the clock pulses from the oscillator U17 were allowed

to reach counters U7 and U8. Once the set of 32 instructions had been

loaded, a strobe signal from the 1 of 32 selector (15) aaain enabled the

sequencer counter throuoh U21, 22, 24, 27 and 37. A ONE at Q, of U28

generated BINFO RST to clear the data counters. The GO command to start

the data collection was qiven when the Q2 output was selected. The se-

quence counter (U29) was inhibited until the DATA READY signal indicated

the end of the data collection interval. Next, the command to store the

dwell time was generated at Q3. A conditional jump was executed when the

sequencer reached Q4" When the data correction for noise induced errors

was not required, the counter U29 was preset throuah 1125 to select Q9"

This occurred when a NO DOWN command was received and/or the data count

exceeded 256 (Q7 of the data counter was set). When the sequencer reached

DATA VALID sional was aenerated and the sequencinq stopped until the

FS sianal from the PCM encoder was received. Upon arrival of the FS sin-

nal the 1st. FRAME and the P/S pulses loaded the parallel-to-serial data

conversion renisters. When the seouencer advanced to Q11 the INC DO
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pulse incremented the mass filter by one quarter of an amu domain, pro-

vided the MSB of U2 was set. At the same time FF U26 was reset. The

FF served as a flag to indicate that data were to be collected at the

same mass filter setting, but with a different set of bias voltages.

That FF was set every time the loading of the second set of bias para-

meters has been completed, indicating that for the next data collection

period the amu domain must be incremented. The FF was reset every time

the mass filter was incremented. Thus the system was automatically pre-

pared to collect data at the same filter setting, but with another set

of bias voltages. The MSB of U2 overrode that command and reset the

sequence counter. Otherwise a pulse at Q12 initiated the loading of the

second set of the bias parameters, while Q13 stopped the sequencer until

the loading was completed. Since the amu information had to be preserved

the counter 07 and UP was preset to 1001. Thus the locations containing

the amu settinqs in the EPROMS were bypassed. When the loading was com-

pleted a pulse at Q14 reset the sequencer to the Q. state for a new cycle.

If the loop counter U9 and (110 had not reached ZERO durinq the last con-

trol cycle, the same proqram was repeated. Otherwise a new program was

run.

When data correction for noise induced errors was required the se-

quencer proceeded from Q4 to Q5. The command to store the count was sent

to the data counter. reset the UP/DOWN control, enabled the data

counter and Q8 stopped the sequencer until data ready signal was received.

From there the seauencer proceeded through the steps described in the

branching sequence.
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5. Tone Command Conditioninq

Eleven tone command link channels were assianed to control the in-

strumentation associated with the mass spectrometer. Circuits shown in

Figure 12 were used to condition the commands into appropriate control

signals.

Relay ground closures were the outputs of the tone command link de-

coder. Debounce circuits (Ul, U17) conditioned these signals for further

processing. To control latching relays in the mass spectrometer circuits,

the command signals were split into two outputs providinq ON/OFF pulses

on each alternate command received throuah the same channel. Steady

state level commands were also available. This signal conditionin was

accomplished in the circuits of U3 throuah U12.

Two of the tone command channels were assigned to select one of the

16 programs available to the mass spectrometer while under the combina-

tional logic control. One channel transmitted data. The other was used

to strobe each data bit into a shift register (U13, UlA). Only ZEROS

had to be transmitted preceding the strobe command. Otherwise a ZERO

was shifted into the register. Each four bit selection code was pre-

ceded by an F bit identification word. Only when the comparator (U15,

U16) detected the identification word, the four program selection bits

were accepted. Then the CD VALID Pulse together with the four bit code

were transferred to the combinational/sequential control circuits.

6. PCM Encoder

The PCM encoder was designed to accommodate 48 analog and 10 eight

bit digital signals. One of the digital channels was dedicated to the

mass spectrometer data. The format of the PCM signal and the selection
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of the various inputs for precessing was controlled by a program resid-

inn in an EPROM. A complete description of the operation and the capa-

bilities of the programmable encoder may be found in Reference 3.

The circuits of the PCM encoder may be separated into two functional

parts for convenience: the control signal generator and the data proc-

essinq. The circuits shown in Figure 13 provided the timinq and the

control siqnals to the data acquisition and processing components. The

clock for the parallel to serial data converter (U6, U7) was generated

by units Ul-U3 and U9. A bit rate of 12kb/s or 48kb/s could be selected

through the balloon tone command link (fc). Another clock signal at

twice the selected frequency was used to generate interval timing sig-

nals. Two decoded counters (U4, U5) driven by that clock synchronized

the control sequence. Durinq the second and the third bits of each word

within the PCM data stream a program counter (U14 or U19) was advanced

twice. The first control byte stored in an even numbered address loca-

tion of the EPROM (U12) was latched for temporary storage into Ull. The

second byte remained available on the output lines of the EPROM. The

control pulses for this sequence originated at Q2 -04 of U4. After this

sequence was completed, the control circuits were deactivated until bit

8 of the data word. During the last bit the data available on the data

bus (DBX) was transferred into the P/S converter and the two control

bytes were latched into U16 and 1117. The control byte in U16 was used

to control the analog data multiplexer signals on lines (CSI-CS3,

ASI-AS4) or to signal to the user of the digital channels that the en-

coder was ready to accept data (SRI-SR6). The 4 LSB's of the control

byte in U17 selected the data words to be inserted into the PCM train.

The 3 MSB's were used to format the output of the encoder. A ONE in
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the MSB position siqnified an end of a minor frame. In conjunction with

a pulse at 3 of U4 (during the first data bit of a PCM word) it reset

the minor frame counter (U14), advanced subframe identification counter

(U29), acknowledged "RAM DUMP" request from MPU (13U30) and reset FF

IU30 thus insuring that an even numbered control byte was available at

the output of the EPROM. ONE in the NMSB position accessed the sub-

frame program through the proper selection of the tri-state buffer cir-

cuits (U13, U15, U18). It disabled the minor from program counter (U14)

and enabled the subframe program counter (Ul9). The end of a major frame

was controlled through a ONE in the 3rd. MSB position durinq the last

word of a subframe. A pulse generated at IOU22 during the last word of

the minor frame reset the subframe program and the identification count-

ers (U29).

Other units (UlO, U24, U26) were used to provide sync signals to

an analoo to digital converter and for diagnostics. IJ27 could be used

to extend the minor frame count to 12 bits during the "RAM DUMP" mode.

The count could be used for identification of data blocks transmitted

from the RAM.

The data circuits are shown in Figure 14. Two of the 16 channels

of the digital multiplexer (Ul-U8) were wired to produce the 16 bit

frame synchronization pattern. Mass spectrometer data (MS), subframe

identification code (S), ADC data (AN and AN9-ANl2) and the ONE's COUNTER

(BC) data occupied additional channels. The counter was used to deter-

mine the number of ONE's within the minor frame. The frame synchroni-

zation words and the count it self were excluded. That word could be

utilized as an indicator of transmission errors within the frame. The

other 9 channels were assigned to the digital data buffered by Ul5-U26.
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The digital data from the 12 bit ADC could be transmitted as the 8 MSB's

only or as the full 12 bit word utilizing the 4 MSB of the adjacent word

in the PCM pulse train. The same process was used to extend the range

of the minor frame counter during the "RAM DUMP" mode.

The ADC converted data selected by the multiplexer (U9-Ull). Only

few of the analog channels were used to monitor mass spectrometer func-

tions. The rest were assigned to other instruments of the scientific

package. A 4 pole active premodulation filter and two temperature sen-

sor amplifiers completed the data conversion package.

D. THE GROUND CONTROL UNIT

The Ground Control Unit (GCU) was developed as a specialized stand

alone command, control, communications and monitor interface between the

ooerator and the ion mass spectrometer during development and laboratory

testinq. During the airborne operations radio links to and from the

balloon instrumentation had to be provided. Interface to TTY or CRT

terminals also were included.

Single stroke commands entered on a key pad were presented, upon

request from the airborne unit, to the serial command transmitter through

an RS232 interface. Responses from the flight unit were received either

through the serial down link or through the PCM data stream. The via-

bility of the communication link was checked through the AGC signal from

the receiver.

The PCM data was accepted from the telemetry receiver and demulti-

plexed, provided the clock from a bit synchroniser was also available.

Any received data or monitor word could be assigned to one of ten DAC's

or to any one of four digital displays. Outputs were provided for the
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analog signals to be used with recorders and/or oscilloscopes. Eight

microammeters were also provided to monitor the performance of the mass

spectrometer. The demultiplexed data was available, one word at a time,

for other equipment. Programming of the demultiplexer for a given PCM

format and output channel assignment was aided by prompting words or

phrases appearing on an alphanumeric 16 segment display.

The unit was contained within a small suitcase type instrument box

and required only a 28 volt, 800mA external supply.

The circuits of the GCU may conveniently be subdivided into three

sections. The section composed of the 8085 microprocessor and support-

ing circuits controlled the unit; USART's, 1/0 ports and DAC's handled

the communications and data, while the keypad and the LED displays inter-

faced with the operator.

The control section is shown in Figure 15. The EPROM's Z1 1 through

Z1 3 stored the programs to control the operation of the GCU. The lower

byte of the address to the EPROM's appearing on the multiplexed bus of

Z was stored in Zl5' A 4k byte RAM was formed by the 1k x 8 bit static

memory chips Z7 - Z10. The bus line AlO in conjunction with Z21 selected

the appropriate memory circuits. The data and the address bus lines to

a temporary memory in the combinational/sequential flight control cir-

cuits were buffered by Z1 7 and Z18. Strobes were provided by Z29. The

temporary memory plug-in unit was used in place of EPROMS during the

development and laboratory tests.

The communications with CRT or TTY terminals and with the mass spec-

trometer were carried through USART's Z5 and Z6 respectively shown in

Figure 16. RS232C interface units Z24 and Z2 5 provided the necessary
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signal level translation. A triple 16 bit counter chip Z4 provided the

clock and timing signals for the two communications links. Unit Z23

was used to divide the 8085 clock frequency by two to accommodate the

slower counter chip.

The incoming PCM clock and data were processed through the Schmitt

trigger biffers Z85 nd the serial to parallel converter Z3 0. Data col-

lected in that reqister was transferred onto the bus through the port

PA of Z3. The interrupt for the data transfer was generated in Z28

after each group of eight clock pulses. It signified a reception of an

eiqht bit data word. Frame detection and word synchronization was done

by software. A word synchronization pulse reset Z28 through port PC

of Z3. Port PB was used to present the received PCM data word to any

external users. A strobe signifying the availability of the PCM word

was generated through the port PC.

SIThe data was placed into two temporary storage sections of the RAM.

From there the selected data words were transferred into the DAC's Z32

through Z4 1 or into the diaital displays. Selection of the appropriate

DAC was accomplished through Z2 2 and the Z20. The latter also served

as the selection of the I/O ports.

The programmable keyboard/display interface Z1 4 (Figure 17) in con-

junction with the 4 to 16 line decoder Z43 and the multiplexer/demulti-

plexer Z4 2 scanned the keyboard and controlled the seven segment LED

displays Z5 3 through Z68. The eight character 16 segment alphanumeric

display was controlled throuah a latching (Z1 6) and a non-latching (Zl9 )

buffers and a binary to octal decoder (Z8 l). The 16 bit code necessary

to display one character were stored in two consecutive locations of the
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EPROM (Z72). The addresses of the characters to be displayed were

stored in the 256 x 8 bit RAM Z73 and Z74 . The addressing of the RAM

for updating by the CPU was done through port A of the tri-state latch

Z75. Port B of that unit addressed t ,e RAM when update of the alpha-

numeric display was required. Counter Z.2 controlled the scanning of

the display. Octal counter Z80 provided the strobe signal to latch the

data into Zl16 and advanced the RAM address counter (Z 82 ). The fast

strobe pulses (2us) and the relatively slow (3ms) display period for

each character were derived through the circuit of Z77 throuqh Z O.

The status of the entire system was indicated throuqh an array of

eight LED's. The PC port of the I/O circuit Z2 was used to drive the

display. The two remaining ports were kept as spares for future expan-

sion of the capability of the GCU.

E. FLIGHT

The completed electronic package was delivered to AFGL in August,

1981. After testing and integration the field party left for the Balloon

Launch Range at Holloman AFB, New Mexico on 1 September 1981. Contract

personnel were not included in the field party. The flight took place on

29 September 1981 and was not considered successful from the standpoint

of aathering scientific data. The gondola impacted the around before

becoming airborne, vacuum was lost during part of the ascent and the data

stream terminated as a result of an apparent power failure. A complete

analysis is not available at this time, but a modified unit will be de-

signed and constructed under follow-on contract F19628-81-C-0162.
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III. APPENDIX A - FLIGHT CONTROL PROGRAM

TABLE OF CONTENTS

DESCRIPTION FLOW DIAGRAM CHARACTERISTICS CODE
PAGE PAGE PAGE PAGE

1. SYSTEM FLOW CHART 49 55 NA NA

2. LIBRARY CYCLE 49 56 NA NA

3. TTY LINK 50 57 81 ill

4. DATA CYCLE 50 58 NA NA

5. INT 7.5 51 59 78 88

6. FREQC 51 60 78 89

7. STORE 51 60 79 92

8. TRANSFER 51 60 79 92

9. BIASOT 51 60 79 92

10. RECALL 51 61 79 93

11. MAIN 52 62 78 93

12. DATCOL 52 63 80 102

13. WAIT 52 63 80 99

14. NEG 52 63 82 107

15. STZERO 52 63 81 110

16. ENDING 52 64 83 105

17. ADDAT 52 64 82 109

18. BIAS 52 65 82 107

19. CORDAT 52 66 81 110

20. AMU 53 67 83 102

21. COLECT 53 69 80 99

22. RUN 53 72 84 95

23. DUMP 53 75 84 94
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III. APPENDIX A - FLIGHT CONTROL PROGRAM (continued)

TABLE OF CONTENTS

DESCRIPTION FLOW DIAGRAM CHARACTERISTICS CODE
PAGE PAGE PAGE PAGE

24. PACK 53 75 81 116

25. CNVRT 53 76 85 116

26. RECEV 53 77 85 117

27. TRNSMT 54 77 85 117

28. CMPDH 54 61 84 93
29. FLAGS 

86 NA

30. RAM MAP 86 NA

31. EPROM MAP 87 NA

32. I/0 PORTS 87 NA

33. FLIT 1 88

34. FLIT 2 1Ff
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FLOW CHARTS OF FLIGHT UNIT

SYSTEM FLOW CHART

The flow chart depicts the sequence of events controlled by the balloon

borne MPU. Initialization leads into the library cycle. After cietermining the

address of the instruction set to be executed during the next data gathering

cycle the MPU leaves the library routine. An inquiry is sent to the ground

station about any pending messages. When a message exists the MPU executes

the received commands. Next the available memory space is compared with the

memory space needed to store the expected data in the upcoming data gathering

cycle. If the MPU determines thiat insufficient space exists, it directs the

system into the "RAM DUMP" cycle. The previously stored data is transmitted

through the PC4 link and, if no contradicting cmmands are received, the RAM

is cleared for the new data. The data gathering cycle is entered where the

previously selected instructions from the library or any new instructions

received from the ground control unit are executed.

LIBRARY CYCLE

The address of the preselected or commanded repertoire is stored for

reference. In absence of any further commands the air-borne control unit will

remain within this repertoire indefinitely executing the prearranged program

sequence. The repertoire points to the next program where the starting

addresses of the instruction sets are listed. Once the address of the next

instruction set to be executed is determt-ed and stored the MPU leaves the

library cycle.
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TY LINK

First an inquiry is sent to the ground control unit for a message. When a

message is available it is repeated 3 times. A match between two out of the

three sequences is accepted as an error free transmission. In that case an

echo is sent through the PCM to the Jround station. A mismatch in all three

message sequences initiates a request for a repeat. If the comunications

link fails to produce an acceptable message the MPU remains in the repeat loop

for a limited time before returning to other tasks.

The messages may contain a new instruction set to be executed before the

one selected in the library cycle. It also may contain comnands to select a

new instruction set or a program within any of the repertoires stored in the

library. The transnission of the data stored in the RAM or the command to save

tie contents of the RAM after a trananission are executed before the air-borne

control unit returns to other tasks.

DATA CYCLE

The data cycle is entered after the instruction set selected in the library

cycle is fetched. Before transnission to the DAC's the selected ama control

code word is corrected to compensate for the RF frequency drift. The correction

process may be disabled by a switch in the flight control unit. When the

appropriate control codes are latched into their respective DAC's the data

gathering interval is entered. It's determined by the dwell time instruction.

The minimum dwell time = lOms and may be incremented in 5ms steps. Once the

data is gathered at the given arnu level it may be corrrected for noise induced

errors. The adjustment may be waved by a ground camman4 or automatically

by passed if the ion count exceeds 800H.

In the "ACCUMATE" mode the mass filter repeatedly scans over a range of

amu danains. The count obtained at each of the scan increments is accumulated

in the RAM.
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When in the bias switching mode the biases may be switched or swept while

the amu control signals are kept at a selected level.

When finally the data gathering process ends and the real time data has been

transmitted the data stored in the RAM is converted into counts per second.

INT 7.5

The request for this interrupt and the subsequent subroutine originates in

the PCM system. The routine feeds the MS and the RAM data to the PCM encoder.

Upon request the NPU places a data byte stored in the PCM buffer onto the

MS-to-PCM bus. It also determines the sequence in which the various MS data

bytes are transmitted. Data transmission from the RAM is also controlled by

this routine.

FREW.

The subroutine determines the necessary correction factor to stabilize the

operation of the MS. It calculates the multiplier by which the amplitude of

the quadrupole excitation signal must be modified to ccpensate for the frequency

drift of the RF oscillator. The ultiplier = (/f) 2, where fo is the nominal

frequency and f is the actual frequency of the RF oscillator. Thus V=MVo where

V is the corrected aaplitude and Vo is the nami-nal amplitude for a given AMJ.

A switch on the CPU BOARD disables this operation if desired.

STORE

Stores data into the RAM. Points to a new location for data storage.

TRANSFR

Transfers the control data to an appropriate MS control part.

BIASOT

Transfers the 5 bias control codes to their respective DAC's

RECALL

Retrieves the information stored in the RAM for transmission through PCX4.
Points to the next data byte.
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MAIN

Finds the next instruction set to be executed.

DATCOL

Executes the waiting loop during the MS data collection interval. The
dwell time at a given anu step determines the waiting period.

VAIT

Executes the waiting loop during the calculation carried out by the
arithmetic unit (AM9511).

NEG

Informs the arithmetic unit that that data in TOS (Top of Stack in the

arithmetic unit) is negative.

STZER)

This routine adjusts the 8253 counter input for a proper reception of the
first data bit fran the FF in the MS, which does not have a reset line leading
to it. It also resets the first negative transition detector used in conjunction
with "CORDAT" subroutine.

ENDING

Ends the execution of an instruction set by converting the data collected
and stored in the RAM into counts per second. It also indicates the end of
real time data transmission for that interval by clearing the PCM frame.

ADDDAT

Adds newly collected data to the previously collected data when in the
"C.7XU 1LATE" mode.

BIAS

This subroutine performs bias sweep operation with the AMU sweep kept
constant at a selected level. This operation may also be performed in the
"ACCUMULATE" mode. For that purpose the starting location of the RAM block
assigned to store the data is noted by the "SAVE TM END" operation.

(ORDAT

Corrects the data count stored in the 8253 counter to the actual count
obtained during the specified dwell time. The incaming data count is first
divided by 2 in the MS. Also, the 8253 does not respond to the first negative
going input transition. The "STZERO" subroutine assures that the input to the
8253 is at ZERO before the count starts and also resets the first negative
transition detector. "CORDAT" uses these conditions to calculate the actual
ion count. When 8253 shows a ZERO count and the transition detector is RESET,
when the count is either ZERO or ONE depending on the status of the data line.
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When the transition detector is SET then the count is 2 or 3 again depending
in the status of the data line. When the 8253 count is other than ZERO than
the count is multiplied by 2 and 2 or 3 are added depending on the status
of the data line.

AMU

Controls the AMU scan defined by an instruction set. Performs correction
on the anu control word to canpensate for RF frequency drift when in that mode.
Also operates in the "ACLXUMUIATE" mode.

COLECT

Collects the ion count. Checks if correction for noise induced errors
is warranted. Performs the corrections when needed. Store the data with
the proper ainu identification and the instruction set in the RAM for
delayed transmission.

RUN

Fetches the instruction set to be ex-uted and store- it in the RAM. Thesubroutine also stores the starting address of the instruction set to be used
as program identification during the data transmission fran the RAM. The
available memory space (in the RAM) to store the data fram a pending execution
of an instruction set is calculated. When insufficient space exsists the "RAM
DUMP" process is executed. When the expected data exceeds the total capacity
of the RAM, the instruction set is disregarded. If the memory space is
sufficient to acccamodate the data a,24 bit synch word is stored in the RAM
followed by the 22 byte instruction set and a 2 byte program ID. Then the
control words are sent to the appropriate DAC's and the data gathering begins.

DUMP

Controls the transmission of data fran the RAM to the PCM system.

PACK

Combines two bytes into one 16 bit word.

CNVRT.

Converts a manory block of adjacent ASCII characters into the binary code

acceptable to the system. The code is stored into the same block of memory.

RECEV.

Receives one data byte fran the GCU. Checks the time allocated for the
communication with the GCU. Abandons the communications attempt when the
time linit is reached.
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TRNS~r.

Determines the start of a new P(}1 frame~, updates the 'FrY buffer location,
sets the "Trly ACrIVE"1 flag for the status word anid transfers the 'FlY data
into the cannuications downlink.

CMVPDH

Caniares registers HL arnd DE.
If HL >DE CY=l

HL &ME CY=O
HL =DE Z=l
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BEGIN

START LIBRARY
* SEQUENCE

IFI 7 STORE REPERTOIR j

RESTART THE Y LAST

REPERTOIRE PROGRA

GET NEXT SET

OF INSTRUCTIONS

STORE
ADDRESS

RET

LIBRARY CYCLE
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END y
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TEXT

y REQUEST

REPEAT
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COMMAND
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OUT 2 OF N OUT y
TIME

y

ECHO

y NEW
RUN INSTR.

N

y L IBR.

I N STR.
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DUMP y DUMP
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CORRECT
AMU

ST AR T
DATA

COLLECTI ON

* 
I

DATECCL
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BEGIN

RESET
THE 1 . FIRST BYTE

FLAG FLAG

* BYTE

LCAL

RETURNROPALOD

OPOP-CODE

RETRETURN

BYTE CNTDAT

NN

BYTEGET ATA. RETURN

"INT 7.5" SUBROUTINE FLOW DIAGRAM4
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J3EGLN

GET FIRST
I REPERTOIRE

* TEMP=
REPERT. ADDRS.

SHELF TEMP J

SHELF POINTS TO

L.. BOOK. GET BOOK j

SHELF-SHELF + 2

BOOK

L N

BOOK POINTS TO

K PAGE.. GETPAE

BOOK -BOOK + 2

,. LAST "L

PAG RUN

SET MAIN FLAG CALL

.FOR TTY LINK TTY ii

L"MAIN"
,I'I FLOW DIAGRAM
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BEGIN

. ... . ."BIAS"

SAVE TM END FLOW DIAGRAM

S AMU NO X

FREQ CORRECT.il1117ii
STORE AMU IN

AMU DAC'S

OUT PRIM, BIAS -

TO BIAS DAC'S

(CALL
', STZERO"

OUTPUT START
COLLECTION PULSE J

CALL'"DA TCO" ,

-Il...
" CALL t

"COLECT"

CHECK BIAS MASK
INCREMENT BIAS

L.

OUTPUT THE J_..--"-BIAS SWEEP /CUAEE .uY RESET TM END
UPDATED IAS C"U-.U,.,.UPDATAC BIMUL?? ETO STARTING VALUE

* LOOP COUNT --LOOP COUNT +1

y LOOP MOUp N_ OVE ORIGINAL
•"ENASNG" COUNTOA
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BEGIN

- DATA-0000 N N SHIFT THE

? DAITA LEFT

ly

-MORE THAN N
PULSE BEEN * ~ DATA

PROCESSEDDATA +17I

SET DATA

COUNT TO 2 I

IS -

*BQ STILL N RET
HIGH

DATA- 

E

[DATA +1

rRET V

"ICORDAT"

FLOW DIAGRAM
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BEGIN)

SAVE TMEND

MULTIPLY AMU
BY CORR. FACTOR

B

SET DATA TO
0000

CALL
"ST ZERO"

OUTPUT START

COLLECTION PULSE

GET AMU), ADJUST
FOR NEXT STEP

ML.NEXT AMU
BY CORR. FACTOR

* [ ~SAVE CORRECTED -J

"FREOC" UPDATE CORR.
FACT -'

CALL FLOW DIAGRAM
r"DATCOL"

C
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C

(CALL

"COLECT"

SWITCHED .

SWITCH TO

SECONDARY BIAS

OUTPUT START
COLLECTION PULSE

CALL
."DATCOL")iG T ORETE CAL

SWITCH BIAS N S- SAN A
BACK TO PRIMARY A IIHD ,

y

LOOP COU3NT - 1

1LOP COUNT+1

JUMP N_____ LAST RELOAD,"ENDING" D - LOOP -"END

GET ORIGINAL 1 -4 " 'ACCUMULATE

7

"AMU" FLOW DIAGRAM (CONT.)
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BEGI

COLLECT DATA

*. CALL
"CORDAT"

THE DOWN ""

NMODE FLAG

SET

. s

, DATA COUNT

>800
t?

i ~- .. s T. E"--

is THE
Y TM COMMAND

"NO DOWN"
SET

IN
RESET NO DOWN

ALA

SET RATIO
i TO 3FF

SET DATA

TO 0000

rlEALL ... ",

"STZERO" ) "COLLECT"

-FLOW DIAGRAM

B
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B

OUTPUT START
PULSE

/-CALL
A 4"DATCOL"

LATCH IN THE
NOISE COUNT

SET NO DOWN 
CALL

Fi 
OVETTSIGN & MAGNITUDE

IN THE RAM?

STOR AMU NO
IN THE RAM

ET PREVIOUS
UM. DATA

1ACCUMDATA & DATA
...-ACCM DATA_ _

"COLLECT"

FLOW DIAGRAM
STORE AMU & (CONT.)

DATA IN THE RAM

C
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C .- ~ .--- -- - ---

C

LAST N
~1 TM FRAME

Ly
[N FIRST

LSET 'DATA'

VALID 'IN S TATUS

A RET

"COLLECT" FLOW DIAGRAM (CONT.)
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B.EGIN

IMOVE INSTRUCTIONS
INTO RAM (TEMP)

STORE ADDRESS
OF INST. INTO RAM

FIND LONGEST BA
B3IAS SWEEP SWEEP

ilk N

AMU RANGE=
STORE IN I AMU FINAL
AURANGE JAMU INITIA .L
____ ____ ___ ~ -AMU

DATA PAIRS INREMEYY

NEW RANGE x4

jN

INCREMENT
INCREMENT X 4

NEW RANGE

AMU RN'G/INREMENT

DATA PAIRS x 2

N

A

"RUN" FLOW DIAGRAM
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A

N
-'ACCUMULATE 1

fDATA PAIRS-DATA I
I, PAIRS XNO LOOPS

L DATA PAIRS I
DATA PAIRS + 3 1 J

Y EXCEEDS

/1_7AL ~RE ATIM>I RA.M

STORE INSTRUCTIONS1
IN RAM

B

"RUN" FLOW DIAGRAM (CONT.)
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B

DWELL

.... "-.....TIME > 2 /

DWELL TIME = 2

DWELL TIME TO
COUNTER

BIAS CODES

TO DAC'S

OUTPUT RATIO

AND FLAGS

• ..:BIAS" SWE

SCAN •"AMU"

STORE REAL
TIME INRAM

OUTPUT 000

TO AMU DAC

"RUN" FLOW DIAGRAM (CONT.)
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BEGI)N BEGIN

SET "DUMP SOON" PUT FIRST BYTE
FLAG INTO STATUS INTO HIGH LOCATION

PUT SECOND BYTE

10 SEC INTO LOW LOCATIONN

PAST

RET

Y/

RET RAM DUMPRE

REQUEST TO PCM

DUMP ACKN.

SFRAMES•OF FAST DATA

" y FRAMES

F SLOW DATr
S SET "RAM DUMP" ?

FLAG INTO STATUS

- CALL
"TTYLNK"

RESETLEAR "RAM DUMP"

? FLAG

1 RESET RAM DUMP RE
.. REQUEST TO PCM

"DIM
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CHARACTER

SUBTRACT 30H

PLACE NIBBLE

[FETCH ASCIII

SUBTRACT 30H

~ LACE NIBBLE

N IN 4LSB OF BYTE

LAST

CONVERSI ON STR HEBT

Y

RET "CNVRT"

-76-



E--4

.1 uE-

P4E-

E-4'

E-774



INT 7.5

TYPE: INTERUPT.

ENTER: NO CONDITIONS.

RETURN: REGISTER CONTENTS NOT AFFECTED.

COMMENT: INTERUPT VECTOR INT7.5 MUST BE SET AND INTERUPTS MUST
BE ENABLED.

MEMORY: 802F: STATUS WORD.
802E: TM BYTE COUNT.

I/O PopTS: 5B ; "FIRST FRAME":FLAG STATUS.
44 : TM4 PORT.
59 ; "FIRST FRAME" FLAG RESET.

MAIN

TYPE: PROGRAm4.

ENTER: NO CONDITIONS.

RETURN: CONTENTS OF ALL REGISTERS AFFECTED.

MEORY: 8025-6 ; TEMP. STORAGE OF PROGRAM POINTER.
8027-8 : PROGRAM POINTER.
8029-A INSTRUCTION SET POINTER.
8065 "ALL COMMAND FUNCTION" FLAG.

FREOC

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ACC & FLAGS AFFECTED.

MEMORY: 8020 : THE TIME TO CALL FREQC AGAIN.
805A-805D ; FREQUENCY CORRECTION FACTOR.

I/O PORTS: 64 : FREO. COUNTER.
54 ARITHMETIC UNIT.
59 : START PULSE FOR FREO. COUNTER.
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TRNSFR

TYPE: SUBROUTINE.

ENTER: ACC CONTAINS DATA TO BE OUTPUTED TO MS BUS.
B CONTAINS ADDRESS WHERE MS BUS DATA IS TO BE SENT.

RETURN: ACC-CLEARED, CY=O, AC=O, Z=I, S=O, P=l.

I/O PORTS: 40 ; MS BUS.
50 MS ADDRESS.

BIASOT

TYPE: SUBROUTINE.

ENTER: E CONTAINS DATA FOR BIAS1.
D CONTAINS DATA FRO BIAS2.
L CONTAINS DATA FOR BIAS3.
H CONTAINS DATA FOR BIAS4.
C CONTAINS DATA FOR BIAS5.

RETURN: ACC-CLEARED
B -CONTAINS ADDRESS OF BIASS.
CY=AC = = 0.
Z = P = 1.

RECALL

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ACC CONTAINS DATA FROM DUMP BUFFER.
HL CONTAINS NEXT DUMP BUFFER LOCATION.
FLAGS AFFECTED.

MEMORY: 8023-4 ;CONTAINS BEGINNING OF DUMP BUFFER ADDRESS.
8021-2 ;CONTAINS END OF DUMP BUFFER ADDRESS.

STORE

TYPE: SUBROUTINE.

ENTER: ACC CONTAINS DATA TO BE STORED IN DUMP BUFFER.

RETURN: REGISTER CONTENTS NOT AFFECTED.

MMERY: 8021-2 :LOCATION OF DUMP BUFFER POlNITI.
8100-MAX PMMORY: DUMP BUFFER.
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WAIT

TYPE: fUEBRO[JTINE.

ENTER: ACC CONTAINS A COMMAND TO ARITHIMETIC UNIT.

RETURN: ACC AFFECTED.
CY=O

I/O PORTS: 55 ;ARITHMETIC UNIT.

COLECT

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ACC CONTAINS LOOP COUNTER COUNT.
HL CONTAINS LAST TM FRAME ADDRESS.

CONTENTS OF OTHER REGISTERS ALSO AFFECTED.

MEMORY: 8020 :"DOWN COUNT" FLAG.
8009 ;INSTRUCTION SET MODE.
801C-D :PRESENT AMU.
8021-2 ;END OF DUMP BUFFER ADDRESS.

802F-3B ;DATA FOR PCM.
802E :TM BYTE COUNTER.
8016-7 ;ID
8005-6 ;DWELL TIME.
8007 ;RATIO (LOW BYTE).

I/O PORTS: 63 :CO.ANDS FOR DATA COUNTER.
61 ;DATA COUNTER.

5A .;"NO DOWN" FLAG.
50 ;"START COLLECTION" PULSE.

DATCOT,

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ACC AFFECTED, Z=O, P=], CY=O, AC=O, S=O.

I/O PORTS: 5B :DATA COUNTER ENABLE MONITOR

- 80 -



STZERO

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: PSW AFFECTED.

I/O PORTS: 5B ;MS DATA INPUT MONITOR.
59 ;W DATA INPUT COMLIMENTER.

CORDAT

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: HL CONTAINS DATA FROM MS DATA COUNTER.
PSW AFFECTED.

I/O PORTS: 5B ;MS INPUT MONITOR.

TTYLNK

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: PSW, DE, and BC AFFECTED.

MEMORY: 5800-58C8 ;TTY BUFFERS.
8065 :" LIMITED COMAND" FLAG.
8025-6 ;REPERTOIRE POINTER.
8027-8 ;TEMP. REPERTOIRE POINTER.
8029-A ;INSTRUCTION SET POINTER.
8067 ;"WAIT" FLAG.
802E ;TM BYTE COUNTER.
8000-17 :INSTRUCTION SET PARAMETERS.

I/O PORTS: 69 ;USART COMMAND.
65 ;"TIME-OUT" TIMER.
68 ;USART.

PACK

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: HL CONTAINS PACKED DATA.
ACC AFFECTED.

MEIORY: 5802 ;HI BYTE ADDRESS.
5803 :LO BYTE ADDRESS.
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NEG

TYPE: SUBROUTINE.

ENTER: CY=I.
ACC SHIFTED LEFT BY ONE WHEN COMPARED TO H.
HL CONTAINS DATA.

RETURN: 11L CONTAINS POSITIVE DATA.
ACC AFFECTED.
CY=O.

BIAS

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS AFFECTED.

MEMORY: 8021-2 :END OF RAM DUMP BUFFER.
8057-8 :TEMP STORAGE OF END OF RAM DUMP BUFFER.
8000-1 ;STARTING AMU NUMBER.
801C-D ;TEMP STORAGE OF STARTING AMU NUMBER.
805A-D :FREQ. CORRECTION FACTOR.
80OA-E :PRIMARY BIASES.
803F-43 ;TEMP. STORAGE OF PRIMARY BIASES.
8014 ;BIAS MASK.
800F-]3 :SECONDARY BIASES.
8004 ;CONTENTS OF LOOP COUNTER.
8009 ;MODE OF INSTRUCTION SET.

I/0 PORTS: 54 ;ARITHMETIC UNIT.
50 ;START OF COLLECTION PULSE.

ADDDAT

TYPE: SUBROUTINE.

ENTER: HL CONTAINS DATA, SIGNED MAGNITUDE.
DE CONTAINS DATA, SIGNED MAGNITUDE.

RETURN: HL HT,+DE, SIGNED MAGNITUDE.
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AMU

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS AFFECTED.

MEMORY: 8021-2 ;END OF RAM DUMP BUFFER.
8057-8 ;TEMP. STORAGE OF END OF RAM DUMP BUFFER.
8000-1 ;STARTING AM4U NUMBER.

802B-C ;TEMP. STORAGE OF STARTING AMJ NUMBER.
805A-D ;FREO. CORRECTION FACTOR.
801C-D ;TEMP. STORAGE OFPRESENT AMU NUMfBER.
8015 ;STEP VALUE.
803D-E ;TEMP. STORAGE OF NEXT AM4U NUMBER, CORRECTED.di 8020 ;THE TIME TO CALL "FREOC" AGAIN.
8009 :MODE OF INSTRUCTION SET.
800A-13 ;PRIMARY AND SECONDARY BIASES.
8002-3 ;FINAL AtJ NUMBER.
8004 ;NUMBER OF TIMES TO LOOP.

I/O PORTS: 54 ;ARITHMETIC UNIT.
63 ;REAL TIME COUNTER COMMAND.
62 ;REAT TIME COUNTER.
50 ;START OF COLLECTION PULSE.

ENDING

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS AFFECTED.

MEMORY: 802E ;TM BYTE COUNT.
802F-3B ;PCM FRAME DATA.
8005-6 ;DWELL TIME.
8057-8 ;TEh'P. STORAGE OF END OF RA DUMP BUFFER.
8009 ;MODE OF INSTRUCTION SET.

8059 ;TEMP. LOOP COUNT COUNTER.
8021-2 ;END OF RAM DUMP BUFFER.

I/O PORTS: 54 ;ARITHMETIC UNIT.
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CMPDH

TYPE: SUBROUTINE.

ENTER: DE AND HL VALUES TO BE COMPARED.

RETURN: ACC EFFECTED.
CY l, 5--O TI, > DE.
CY-O, 2-0 HT, < DE.
CY=O, Z=1 HL DE.
REST OF FLAGS AFFECTED.

DUAP

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: REGISTER CONTENTS AFFECTED.

NMaORY: 802F :PCM STATUS WORD.
802E ;TV BYTE COUNT.
8030-3C ;MS FRAME DATA.
8065 ;"LIMITED COMMAND FUNCTION" FLAG.
8061-2 :CONTAINS MAX MEMORY ADDRESS.
8100-MAX MEMORY; DUB4P BUFFER.

I/0 PORTS 65 :"TIME-OUT" TIMER.
5B ;"TIv[E-OUT" FLAG
59 ; "RAM DUMP REQUEST" FLAG.

RUN

TYPE: SUBROUTINE.

ENTER: HL CONTAINS BEGINNING OF THE INSTRUCTION SET TO BE RUN.

RETURN: ALL REGISTERS AFFECTED.

?VWORY: (HI,) -[(HL) +151 :INSTRUCTION SET TO BE RUN.
8000-17 ;INSTRUCTION SET BEING RUN.
8061-2 ;CONTAINS ADDRESS OF MAX DUMP BUFFER.
8059 ;TEAORARY LOOP COUNTER STORAGE.
6000 :IDELL TIME TIMER.

I/O PORTS: 63 ;COMMAND FOR REAL TIME COUNTER.
62 ;REAL TIME COUNTER.
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CNVRT

TYPE: SUBROUTINE.

ENTER: HL CONTAINS STARTING ADDRESS OF CONVERSION.
DE CONTAINS END ADDRESS OF CONVERSION.

RETURN: DE, B, and PSW AFFECTED.

TRNSMT

TYPE: SUBROUTINE.

ENTER: ACC CONTAINS THE BYTE TO BE TRANSMITTED.

RETURN: FLAGS AFFECTED.

MEMORY: 802E ;TM BYTE COUNTER
802F ;STATUS BYTE.
8037 ;TTY DOWN LINK LOCATION.

I/0 PORTS: 69 ;USART COMMAND.
68 ;USART

RECEV

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ACC CONTAINS RECEIVED CHARACTERS, IF CY=O
CY=1 IF TIME-OUT OCCURRED.
CY=O IF ACC IS OK.
REST OF FLAGS ALSO AFFECTED.

I/O PORTS: 5B ;"TIME OUT" FLAG.
69 ; USART COMMAND.
68 ;USART.
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FLAGS

8065 "LIMITED COMMANDS ONLY" FLAG.

IF TTY LNK IS USED AND THIS FLAG IS SET THEN ONLY THE COMMAND
"DUMP", "WAIT" AND "CONTINUE" ARE ENABLED.

8067 "WAIT" FLAG.

IF THIS FLAG IS SET, THEN THE LAST COMMAND WAS A "WAIT" COMMAND.

RAM

5800-5842 UP LINK BUFFER #1.
5843-5885 UP LINK BUFFER #2.
5886058C8 UP LINK BUFFER #3.
58C9-58FF STACK.
8000 INITIAL AMU LOW BYTE.

8001 INITIAL AMU HIGH BYTE
8002 FINAL AMU LOW BYTE
8003 FINAL AMU HIGH BYTE.
8004 NUMBER OF TIMES IN LOOP.
8005 DWELL TIME LOW BYTE.
8006 DWELL TIME HICH BYTE.
8007 RATION LOW BYTE.
8008 RATIO HIGH BYTE.
8009 MODE.
800A-8013 PRIMARY AND SECONDARY BIASES.
8014 BIAS SWEEP MASK.
8015 STEPPING VALUE.
8016-8017 PROGRAM ID.
8018-801B SPARE.
801C-801D PRESENT AMU.
801E FREQUENCY UPDATE TIME.
8021-8022 TMEND.
8023-8024 TMBGN.
8025-8026 REPERTOIRE POINTER.
8027-8028 REPERTOIRE POINTER BUFFER.
8029-802A PROGRAM POINTER.
802B-802C ORIGINAL AMU BUFFER.
802D "NO DOWN COUNT" FLAG.
802E TM WORD COUNTER.
802F STATUS OF INSTRUCTIN SET BEING RUN.
8030-8031 ID OF INSTRUCTION SET BEING RUN.
8032-8033 DATA OF AMU.
8034-8035 DWELL TIME OF INSTRUCTION SET.
8036 RATIO OF INSTRUCTION SET BEING RUN.
8037 TTY DOWN LINK DATA.
8038-8039 AMU BEING DETECTED.
803A MODE OF INSTRUCTION SET BEING RUN.

-86-

. . ,.. , ,, . . . .. .. . . . . . . .. . . . . . .. . . . . , , . . ...



803B LOOP COUNTER OF INSTRUCTION SET.
803C SPARE.
803D-803E NEXT CORRECTED AMU.
803F-8043 ORIGINAL PRIMARY BIASES.
8044-8045 SPARES.
8046-8056 SPARES.
8057-8058 TMEND AT START OF A INSTRUCTION SET.
8059 ORIGINAL LOOP COUNTER OF INSTRUCTION SET BEING RUN.
805A-805D FREQUENCY CORRECTION FACTOR (MSB OF MISW FIRST).
805E-8060 SPARE.
8061-8062 MAXIMUM MEMORY LOCATION.
8063-8064 SPARE.
8065 "LIMITED COMMAND ONLY" FLAG.
8066 SPARE.
8067 "WAIT""FLAG
8068-80FF SPARE.
8100-MAX MEMORY RAM DUMP DATA.

EPROM

OOO0-OFFF SYSTEM PROGRAMS.
1000-1FFF REPERTOIRES, PROGRAMS, INSTRUCTION SETS.

I/O PORTS

40 MS DATA BUS.
44 PCM DATA BUS.
50 STROBES AND START PULSE.
54 ARITHMETIC PROCESSOR.
55 COMMAND FOR ARITHMETIC PROCESSOR.
58 COMMAND FOR THE 5 PORTS IN 59, 5A, 5B, 5C and 5D.
59 FUNCTION FLAGS.
5A SPARE
5B MONITORS.
5C LOW BYTE OF USART CLOCK.
5D HIGH BYTE OF USART CLOCK.
60 DWELL TIMER.
61 DATA COUNTER.
62 FLIGHT TIMER.
63 COMMAND FOR THE 3 PORTS IN 60, 61 and 62.
64 FREQUENCY CORRECTION COUNTER.
65 SPARE.
66 SPARE.
67 COMMAND FOR THE 3 PORTS IN 64, 65 and 66.
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1113 PP j

PC)P Ji
POP .1

F I

Gil I ,DA P 1 2F h ;GET L;TATUS
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LXi b . 0 0!~
CALL ciPDkI

.,I I.1) 3 1~ ill ; ;AV r AX ArDE SSF OF' AEMLkY
LX1 tl'0 i21-AI: ;140W CLEAR SOME MEMONY

C, L

CiALL 1" p ;N'Jq UUM P -1h 1F TbI B UiFk THII T S' 1)0!-,,,,'TO
CLEAR BUIiLk

LX[ I i '('r' ;SET TilE Fk'E(' CURR FACTOR TG I

V I d ~

I PIX

vVt I~

,I P MA TN ;STAET ThiL MAI N PGRA.1
i 1:Ni P;11 Hi ** **ST.'MF!q DATA INTO Ti £6UFFFR

Li .L- 310 2 11; ;Gf.i' LOCATI' ON OF !qr.X' BUFFIAN LOCATIC:AI

f N X ;L'0lN'Tt TO N-XT LOCATION
iliLli 80 2 1: ;N0ov 1I'ORE ADDRESS

P P:. f; ,IT~ 40di ;** **-.ACC.. GLTS 0(UTPUTEP TO PORT
DEFINEP IN -3I-

MITL 5C it

Io~~' :,IwV A, f- ;****0UTfIPT lIlAbES TO LACS.
V, l I ) ;J31 1.1, IN -L-,b12 IN TDP N -L-, 04 IN

CAI .L ~ 1P;-11- LOADED WP TiI) O1UIT Gj'E Cj
DA C

.,L
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CALL TRNSFi
m UV A, C

INIR
CALL TiRNSFR
iz L"'

EFCA LL LIALl) 03 2 -11 ; * *j>l5 AA (WI' LA Tiv BUIII F
xC JIG ; pui, vmf- im~ I:N-ro -ii I.-, AIQU 'iiBGmi

CALL C m PDt ;1,'; T ENI) EQUA L TO TV LC!' ?
J NC G1 ;JUMP H- IT ISI XC HG
NI Cv A, M ;C ETi DATA\ OUT OF" L31kF- I,,i',
IN4X ii

S11LD P-0 21H ;STORE TIMIBGN

c I LXI HI, 11 00,11 ; SET T!A END ANLD T1,1130 TC j.1 T jW' 1T!M ! ,' i F

L 0( T

CiIP 0L
RETf ~C" POIN MX OV A, LOO ;"****GETSAR -!)E- "TVt~i -L<

CmLD L(2I

03L tAl P2 511ISFILD N (0 27 11 ; SAVE SHIELF' F )l NT i,
C? LHLD 802711 ;GJ'r SIIELI- POT iTEP

:4OV E;G ETI 13 00 PO)I NJ1 E
INX A1
!11OV D
INX 11
StiLD 8 L2 7I ;SAVE SEELk" POINTMR
XC 1-C ; I S TlI f IS TI' lE LA ST 1A COI 1. P 'I I I S I,. LI?
LX1 D, 1TFFI
CALL C viPD iI
JZ G(3 ;lUMqP IF' IT IS

0? IM 1V ., ;GLT PAGE FIOM BOoKI
I NX Hi

0iV M
INX
S511 L 0 (2 9 H ; SAVE 11 OCX POII NIT-it
x C I iG
LXI 1) 0 1' Li'kl F k. I!l~ ' LAY'' -P( i.i

CALL CMPJ)iI
jz G8 ;JUvI P T -' IT IS
m V1 A, 01])1 ;SFT F'LAG F014 TTYLNEr -i
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CALL TITY LNK ;ANwY MkE, ,AGKS FHLY4 Tti. CMOUNDO?
CA LL Z UU19 vOL RlUN TH~IIS PAGE
LLLl' -Uf2 (,. ;GET 1300K POINTER~

Lh LU 10 '27, 1 ;IT ',A,!' LA'-.T PACE~ SO SiT NrX7L B3OOK

I NX i

S 1; L.: 0 2 7,1 -;AVF 1300< PoINqT,'.
X1, I W
.XI D,(F ii{ AUTI1 'MVIL BWA7I3O

CAL1,L Cr m1)11
jl (',2 J'JAP IV I i WAIS ANll GET NEXT, :3OCN

JA V ;G() GET NIEXT PACE
I'lli 3A 5I~ ;C11ECi'% TO SE~E IV DUMP FLAG IS ESET
A:- 1 01411
JLC ;JUMP IF 1,11 ANE NOT' GOIi\G TO L)UMP
LX1 1I, MO Mil

.11 V IA, [40

,1vj A, PON

ji'llP G 63

c 1 Li.OA O2 F I ;;AOVES TMI BUFFjLRk kAJM TC! TM
01p I (Tii ;ADD D)Ui'1P SOOCU TO S'tTUMS
'.;IA 0 2Fi

1 ,cA I\- ;,;ET TIML-OUT TIME TC 10 SEC
OUT

1 N 50 ;i.AIT FOR TIMER TO TI:-OU'
A .N 2011

1.1 5 59H IMU HA )Uj1 P 11l;UEST i LAG
0 1%, f WI 1i

I N 3 It~ ;viAl'1 FOR R~AM LDUMP ACKNOWILEDGE

.1 jc G I ~, ; JTMI) IF NOT ACKN Z)WLE DGED
lIn V . A, QAAHI ;Tv. OUT PUT TC AA

C L k, I.I' FOR If) IRAMES TO GO -1Y
ifV A , I " L ; ;K1T sA:i [DUtvii FLAG I N ST'ATOS

f;,1*1 02ivi.
C L',\ 82 ;;'.AIT FOR PAM DUMP TO BL F INIILEP~f

OW, A
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JNZ G
I N (): k L)ri U fi P IZ EnU IS
ANI 0FE

LXI ii, 80 2kf ;CLEAf% TM i APA:
C71 SV , CO0 (" i ;WIT F'Cl 16 TA FMU'I TO GO) 1 Y 1::

l OV A, L
CPr 3Ahl

J z G7 3
CALL F 10' 1 ; WAIT F OR i r, FRkAME TO 1 ~v
XRA A ; HE E'T F LAG F~k TF'I'YLNI S LH
STA pU'f 51
CALL TTYL t-!K ;ANY 1:;CIFkI CU?

G t-3 LIM)D f 0 1 ;"JET1 :IAX N ,F-iO~IlY APiN(X 1 OF '1 1 U Fl I4 XC hG
LXI It, Id ()%01! ;'-]E bTAIlNG "IFh~~ 1I~~C1~.

ci '2 V M, co\!i ; : : ALL 'Um 0u1FR~ I1JAA
CA.LL CPD!

I i.1
JqZ G 2 NOT FI*1NIS 11 P C Of''IFIUK
J~vlp Gi1

RUi LXI U, P,00011 U -' ~US iTHE PA GE LOC AlirC I I:. -. Im c Iky
-tHL- \x - !;7

PUSI! 11 ;')i\VE ALOPRES'5 OF 1'AGiL TO RI*, W"V In Al: 2

G 17 A UV ' ;NIUVE' PAIGE TO us Ui':E Lr. ;Ti 1 A(;E
S'IAX i
H iOv A, F
INX it
LWX 1)

2 pi 1 5:f ' .~ TlA' 'Ill LA,: MO'NiCV1
CI17 ; JUN Pf [F T1T WAS!'i'

POi :1 HG~ ~ACK PACE Ill. ONN' Pb
M OV AFI
iTA X D)
I 11x D
(.1 cv A, L
S TA X 1)

G' 43 LIDA P 1) 1" ) 11 ;NDIU CALCULATEF %'1tF. NEEMI1 i<(.ii'i l"P!

AN I /~ ~ ; AkE BIIAI.li L 1 1 NC S;., FPT?
JJ z C. ;,JUriP It' hE ARL
Lil LI", 0o 0 1i ~ ;SUbiTt-AC AMLU 1;TPAkl'Fl v i bPA ; l - fl

A OV vIj

Lil Lb '() (2 11
3 YT E l3i
XC HG ;'i'ORI A\NSWELR IN -::
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L 13." H') 1 I ; 1 8lLP iN It! d A W
oliA p' ;A 1< ETHIIERE ANTY JUMPI NG I JVO LVELU?
JN'Z G24 ;JJAP IL.' 'i'IiL'hE kANT ANY
~1VI A, I (H

8 21 .1 Cv UA L..O JJl P FUN'C TION TN -i-C-

LX f 1j, 0000!i0 ; tI ~I A LIY/L: -iiL- t- I'i C 0 ,'. *) , L AM,:

DIliPN'G -Di-l- Y -11C
9)1C ~tJ rT 7 IE,1r' IN 'C ' Ca. ~rC

.f DA ;NOY.% VI VI DE

X'l, 1 L

XCHC

JOc G71 ;JUIl1J IF NOT FINISHU4D ;:7 "i-;T !31ACFE ANSW Ek
13 Y h 21 , I 1il ;MUILPI PLY ANSWkK B Y 4

[iA ~ ()~(j ;2&i ~iPEUp' PACF
AN M 1 041 ;AHE '. L C NA' TChING
XC I C11
.J G% ;JJ H1 If kO'l: ARENT
PA L ;li ULTIPlLY BY 2

t ; ~53 L;* ?JOI ;ARE WF ACCUM"ULATING?

J.J z 2 J i P I C W F I
LIJA )U'fi ;' iLTIP)LY NUmbt:ER OF TIME.C BY ANSW~ER

FRCM !PCVL

-Z;RETIUR~N IF NUMBER~i OF %;IMES IS 00
DC 1% A

X! c2 1 ;JlJJN1IF 11CNLY ONE

1),% i M !j UiLT IPLY
kct ;1Ef1JR~N IF 140T' ENOUGIl i iM M(Y

J.14 G 1 ; GCI'IINUE ]P NOT FINISIEPr
L2 LX I, C lI i ;ACP 1C TO TOTAL

LX [ ), ?iPt!i ; IF T, Ii IG DON1' RUN PAGE

P J.; i ;LD.\Vir A"IO0UNT OF. MEMORY t<;IKMEI'
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Li-iLC FO ", li ; LOA P1 MAX TM k FF v '()- L
Bi YT L 0AS UbsTVACT

xC1 -!-N(YA CONTAIN, 1MCL VALL
PU P Vt ; -I L- NC;''! CONTA I SJ %L'i(Y NEFPP

CALL C Ill PD A ;F)() WF HAVE i>JGUG:1 ROt)i TfO PO' IPA(T C
cc D'J'4p ;CALL DUAP IF qE D0flY P!AVE~ E.NoUGA 1

G22 MVI A, OFAH ;STORE '24 tI JI SYNC
CALL ri ,
MVI A, 0II 3d
CALL s TOR E
MVT A, 20H
CALL S 11 (M
11VI A , 2()i i ;LATCH' IN REAL TL'IME A.N i0
O UT 63d
IN r2ii
C MA

MI IOV BI, A
I N r,2.1
C MA
CALL vol
M OV b
CALL S T () ,E
LXI ii, 8000H ;MAOVE PAGE INTO "IM HUFFER A,%

G2'1 .,-OV A , 1,
CixLL s OR El

N c)V A, L
CPI 15,1 ;LASTI ONE TO 'STORE?
INX if
JNZ G23 ;ju:i~P IF, I's NoT.
L DA 80 () PVt ;GET iWU!'1bER ()I. LOOPC(iTE
S'IA '(30 5 911 ;STORE FOR USE LATER
1,11ILD p 0()5!1 ;GET1 D F:LL TIMEK, t~,-
LXI D, 0001,1;1 -i TIME M~UST BEF ~viPl
CALL Cr'il'LhI

LXI h, (S)O2~i
SHLD 0 0511 ;STORE PNEW, LYELL ' i:AN' otjrifu'r ~

Gr M'jI A, 3211

SlILD (OO0ii

XC HC
tLl ) 30OCi
LDA ri00 L! i
!*IOV C,A
CALL B I A L)T
Lii LD FL7: f ;';ET IRA'l'I0 A'ND PLAGS AbU' MUTPUJ',Fi'C

%)O A, L
:V I b~, 0H
CALL T 1.F k
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OR4A I'm
It~I
CALL T

tALC

k LC

Cc AMU ;'ALI IF ANU SWE
G ,.I V1 A, EO>i ;GET AND STORE iEAL TIME'

i v : . "

B"~ p11
C"A

CALL sI,1.,
.-V A, F

K,;',,,21

CALL f. Ol .

V , (,7!1 ;kESET AMJU ro COn
"A A

R N"), , R

CA[LL .. F R

G25 C LL b IA.,
Jrl P G 2:

3.1 LXI ii, PQOAHI ;G0 TNHIOUGiI .IL BIASES AND FINL' LONGEST
SW F: F P

LXI D, V o (, I, I:
!-1I[, (10H

Cie, 7 LDAX : ;GE!"T PRI'IP.IRY ;31AS
SUll i,, ;SUIBTRACT FROM SECONDAiRY :;WELP 31AS
C I, P t ;IS TIiIS ONE LARGIER THAN TI:C LAST ONE?
lA X iI

I NX I)
J C G, - ;XOT~P IF" I'T IS
"IOV LA ;M(V NWv I*,AX IN'"O v!AX PlUiF t

4 OV A, I. ;V,/.T.': T: 'TIE LAST ONE?
C111 OF fi
,].4 (;7 ;JUi m', I F IT ISNT
!, ,)V r., r ;!-i(.VE 'L/. X INTO :3UFFEiR ,U MiLAOCRY NiEEMED

CALC ULX'I'I O
.v ii 1), C: [!'1

.Y'-i, KI 2i ;mULTIPLY BY 4
:',i C] ,'IV1

A NI CFC i
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.NAIT CLi, 55il ;**OU L'' CO'lfkANI) ') 0',1] A &P. '/.
10k IlT 9jV Lr

G27 IN Sw-I
R LC
ill G27
RET

C LCT1 MVI !A, ij COLC, 0'ICTANUTO sP.'I
OUT C. "i I ;LATCH1 IN IEN' FAI'A
IN rl1i ;LOAP PAIA INTO -!NL-

CMiA

74U V 1, A
CALL C 0 R A'T ;CURIZECT THEL LATA
L CA ~()9H 11 DOE,'- THIIS PAGE Fl'O~'vVN CC!I
R LC

G 2 8 ;,JUMP I F "EF Dor'Ii 1D&.-I, C CUj'I
LXI D, U800H ; IS DATA V'REA'TE[l THIANPtOMP
CALL cl'.PDH
ic: G 2 F ;JUMP IF IT l,3 ANT DONTz.v~I COUNT1
I N 5A h ;IS NO DOWN FLAG ';ET?

Jc G 2P ;JUMP IF IT I,-; ANDJ PONT y r'(,,jl
XFRA Az ;RESET1 I2OjvN ccuNT FLAG

STA 802Dii

LbA 8f) -,j '! C I hEC K T ') S EE I F 'A: F A RLTO U P )A Cr: .IN F

iNZ z 5 ; J'J P11, IF E ARE NOT ('0W, G iulU~~'
!1VI A", ('5:1 ; U PDATI-'L NOI1SE COUNT

vI A, ('F'Ff ;SEI' iRATO 'T'O 3'1t F AD C &LLECT

CALL 1,z NSF4

LDA 0 9 kI
AWl 1 (:; ; SAVE PlNFSEN'r I'LAG 'f\'U
(AA I () j:i
CALL Iik

~1V A, 741 !1 F8' DATA CO)UW'11%,

OUT n 1h

2:ALL SI"/. ERG~ ;'CHRECTI' Li'A CCLLLCi'I ON G'.
MvI A ,; j~ ;O)u'1'PU'ji' i% 'AkT I[cL,:crIO ~:
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CA LL i,ATiC 0L ;Al' TT FUR D)ATA TO vli~f;i] 'CLLLCTTNC
.AVI ., 4(Hi ; LA'i'Ci IN B ACK'GkUUND P~~ A'iA

I! ;Cf-"T NOI. :E COUNT AND '2N0RE I.\: -!1!L-

C.VL, I.

YUV I, .
11IJS 11i C;L AVE DATA COUNT'

1,L C 1,UA T ;C~i<I CT NOT'SE CCUiNT

Ji1 pU D ;GL-2 6ACN !)ATA COUINT

14.3 (J V

LPA 2 P

I Nk b
CA LL TRN:),vIl

Il (IV A, 1: ;5 Uk'1' RAC'I
CA

M CV 1, A1
ivi (VA , L

L,A

OL LU 2111111 ;.SAVE bACKGIIOUND NOISE'~ COL'L'

PU~A ;;A/V[,, CCNNECI EE DA'IA
:v V A, Ht ;('HECK TO SEE 11' DATA TS Nt"GA'1TVE

1: LC
J c Gl 7 ; JJ~P IF DATA IS POE, TVF

N 4%, CCI- P L Pl' L NT T HlE DAT'I A!\!P p H ETe
G. I W
' j ( 1 it, A

111(,V L

PL) p D ; E PLACF OLD) DATA W ITHi UPOIl ED DATA

U () L!)A I1: () ) 911 ;-,-: '.I'N(T AND CfiECK 1" Ok ACCUM~ULAT'IOUN

G 18 ; JI~hP IF NO ACCUIl ULATJi UIJ
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I, FILD 11, 1C I PR~G IESKI- NT U A N 1)OF ' Y ~ I

M UV A, L
CALL STU k E
Lh Ll' ~ ( 2 1 it ;GET' Ti- NL POIJ'i'll' AND GIl'Y PA!

M, ()V j), l

INX A
:llOV E
PO P H ;GET' COLLECTL.D A lJL DHC'F ?''

CALL .P!' , AT ; ADD Tkli'1'yJ C) lUTHFi

CALL fE

CALL T3I'Ulk

G 35 LXI i, LO2F11 ;TqOI 'TORE 1;dAi'M-:i1-'S TO 'lF N'iI l~h'iO;vI Tm
LPA ') 2il ; LOAD -ACC- ~ iiNO Do N V LAC

URtI P01L ;SET DATPA REAMY FLAG,
mV O 3 ,A ;SAVE FLAGS

[RRC

OR(A I,

I N SAIl ;G7E1 liV mICN rrc
ANt H

CALL rw

IlA (1 v. 1 ' ; ST i'O ;TATUSi 1'I' M I<AN L

:.iV 1'.
I kX it
LDA il1 711h

IV)(, IV , ;;i0HE D AT'A It! T;-i F CA, F
I N x .q

LDA 8 0 1 '1 ; SIG E DolELL T1IM L IN NTNI- H

A -101-



M.A (,'V

LCII '1"E~ kATI ( A NP N CTAT TOF k0NI GHT TI2 P1

Lilfl- 3 Ni U711
T i. 1oI~, IV I~

rIV'

i. L D 0 P1 d !I ET r.i U A NL C ' TL' TO TI F Li EFT T I2 L J'

CY,''F , I , I I d I mA.1 "i
I 1IV A1 P ;STiOHE I., 1 IN TiA kkAMIL
1 11 x A~

*~ ~IX'! I

I, DLA fU 0 9H1 ; ST R PU i OD[ I N'P T f- J:-As'vL;

I NX i
L,,WA pCI0 4 i ; STUN !E LOOP C OUNT I N' "I'M FPkA! ;

N NA, H

C / L L 801C I." C XLN

Po 1L ;GET'i BACK DATA

CALL S'iUH

LI 1. 11r11 4 'I ;GET~' OLDP BACKGROUJND NC I -'F COUNT

L) I tL f 93 Rh ***vvAj'IT iOR PATA 'I' '1E CGLLECTI-T

J 1.4X !OA'iCIL ;,JU~ll IVt CCOLLECTION IiAE, :7 'Y'ARTE~P

3/z. (2 ~ ;,JTfF) COLL C'PIUN FOi FI'II I

Lt. I,! ( : if 1'..~;** (N N AA U SWI' I'.P AA E F : L

L(LJ D 'flP r011 ;5' G1 I- I'R1' A MU A ND M!JLTIPY 63Y F'kQ
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OV A, L
O UT '14 ii ;WOTPULT AN U TO TO'0S OF W;' I
ACV A, Ii

SZLi) 'O 2.3Iti ;STURL AiAU START' TM C (4 i

~VI A, 1 Di ;C01tQVEAi'i 05' '1 ) 1WLATllC 4( PTT'I'
CALL 1AA I'
LXI 'I, P2 51% 1 ; PUT 1' EG C 011KI.C''1 N FIXTh'. UNI'1 U

-i OV A,.
OUT 11
rxX :1
;1;1OV A

cull,

PIC x h
III OV M
OUT' 54H1
DC x I1

MVI A, 12i ;m'UL1 IPLY TO05 BY NUS
CALL vAI'T
IIIV I A, lfii ;CG'JvIJT '105 To F IXED PO1INTICALL iV A IT

I 54H ; LOAP -i-IL- A'I'i CCRHKCiEP 1IVMJ
G V L, i.
IL'J 5411

G 37 IVIGV 1, ! ;TRANISF ER ,uMU TjO Ar.II 1PAC',

CALL, TANSF!,

MOV A, L
CALL I "N S Fk

.,ivl A, 741

OUT r(LII

U'ri 1i I

CALL JT 11 zF;% I ;CCIGECT L2'TA INPUT LlEVIE L
A V I A, 21 ; GUIPUl' A 'iTART OF" CCLPC1 J!uL1I-

OUT
L;.IL D )0 11 ;Chi ~\IU AND AD.IU'i 'O10 YI>) NL -T! 51,

SI ;LD IC i ; JiNE A7IIU K ICAI1S[ THTIS 1!)':U>UAi
L OA\~ 1 E-J ; 1;'P FP VA LUEF

1,, umlhI ;AID STE-P TOD AlNU

DAt I,
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FACTM!

mV Aj , 11

j V f , M!i~ ;C Ot'VE RT TOS TO F LOA I-G POI NT
CAL1.L 111/. 1f'i

LAL 1) 1( .,, ; AJ'I'PU'iFTi, C OIMEC TO FACTOK' TO Tos

Cx

i'A I-

LXvi A, ~I( 2AU; ;C 1[L 1 AC IO BY' STCS D''J~
CALL IT

(:A LL I" HL ;CONER IPFC< TO FTX- E PO~(IT.
CAL1.L AUEC IT'PIi
INA A,0'i ;GET[ JCMRCE O PAC

VC L, Al

)UVl

k, ACT().-

i 2'
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CA LL I IA~jCT ;OUT PUT ALL 3iTASE.' TO kL\II:C
CALL LRO ;UHCTPA'LA INPUT' LEVEL
NVI A, c(j .j ; OUT PUT A ,'TAR OFdi CO LT~JC1,' P . 41L",

XRA A

CALL A. A "C 0L ;WA ,1' IT l-'C CA'A 'i~c F INTS1I C')LLEC 'ii
CALL C(IL EC T ; W; T d

')E L0LI 31 C 1 ;GETi1RS~ A',,U
XC hG
LHiL1V ? 0 02.1 ;GE 1NAL. AMiU
CALL CM'PD,1  ;TIS THllIS "HIE LASTL A, U TO(; 61I.CC I :
JC G40C ; ]J~P 11" IT 15j*'I'
LDA ;30 C (1 iI ;"'JETI NUiMLSVP Ob 'iM
1,C R A ; DECREAN ENT N'UA1 FR 01 '1 TIME,'
STA c R004i!
JIz C~ 1 ; JU',,IP IF' IT '.'.AEVN'i THL LA ST LOOP

E t I N G CALL I.,11,1 ;****.'I4VS A PAGE, ALSO GETS CCUN',YS lIWO

AVI A, 0011

L H LTD B30ULII ;ZEIDwSL'11 FC PALr
AR 1 ;OUT PUT A 1(00( TO TOSa ('1- 05,1]

o LT 5411

OUT 54 11
mOV A, 0L ;NWOPU YLL'tL' go
0OUT 54il

miOV A, li

AVi A, 1.1 ; CONVEH'i lOS To F [OA'!I S POI N'
CALL VATP2
j-IVI A, 1311l ;DI VI D E 1CS PY '0
CALL ',qAI
MVI A, 17;1 ;DUPLICATL' ToS ','r, N'OS
C AL L ',-A IT
Lki LD 8,7 it ;POIN'' TO' FIRST DMAA 'IC :QF DtVt 1:5
INX It
I NX 1

C 4 2 M oV D, 1K ;ET DA'I"\

1I 11V L ,

Dc X

AC V A, 1.
R-AL ;LS LATA NL'CA-iTViE?
cc E:;G ;CA LL 11"' I' I.S NEFGAIIVE ANI' CCRSW VTI

P.Vi i\
Pi UV A , ; PUT DATA I ITO TW: Fo Ii I51
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1vi O, A,

;4V1 A, 11):i ;CGNWR~T '*US' TO uA1N PC) P~i'
C P--LL A h T

Ca/ AO~~ 1.. L, '.1 AIM (31 PA

AN I O1i ;A kF 'WE ACCU1IIJLA'1I N'?
J 1 JU;I 1iP IF . ANENT'

LI3A 11 ;G)' OF1di~ 1 '1-I i:.H AND) CUTPUT T(O ''0~

X, %A A

I , I l)i ;CONVEI<'i Ti'0 TOC FLOATING POII21'
C LL A h ',

A, I -M ;DIVIL N'OS 13Y T1OS
CA\LL 'vq 1 T 1'

i N 5 411 cil COUVA".h PEN SECONDP DATA

N LC

v A, 1,
ix.L

iUV L, P
'i V I A, 1711 ;DUPLICATE TUS TiO WOS

XCILG ;GET BACK POINTER

m GV vi1E

. I CV 1
1. N'X Hi
I 'iX

'CA LL (2-1PD1I ;LAST'i l)A'iA TjO CNVIEh'?
X I: IG
liC G 42 ;JUyi[) IF iliEffl ARK: MOM-'

L~I Li' 0f (~A s I i~ I'lCI' ASES RiACK ro JNIL
XC 1.0

1. A p 1)( "EI I
h' kv C , A'
CA1,L. B IA.':OT
LI1, L 8 0 l' 3d if~ COPREC1 ED Ai'-U

LI Lb 2 L2B 3Ot1 ; OIZIGI NAL AN~U AND PUTJ' Ie IN' PRE.ENT
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SHLD 0 0 0h
LDA 830 G, i ;GET MPNOLE oF~PG
A',; ;AkE ',1- % CCUMvULATTNHG2
Jz Avi U ;J'IP IF WE ANEN'T
LH LD ~0 5 7ti ; SETr rm o1' ER RAM P1'' ~~1;rO 1c'

JMI A.C I
S 1 LD 'O 231 I

*~~~ Ai A, OI CAG I~'I 51T;
CALLk O 2AI
PUST

SNI DALA 1!c ;,E _.' ANU', T'0L C (
RHD 05k ;S'I' R14ESiiET 14 CA St; L [.AT CU L i

IV' V A 15i01 ;CHAGE SiIU NI 41

CLL T14
Ai 1F'

STA R01 4Hi

MNOV A , L ; CORRECT'1 AM U '4 I TI ~h).U K~ i8E

G UT 54A1

OUT SA, 1
Jv 1 A, IDAI ;C ON'VERNT To; TO F' LfAP 'fHG PO NT

CALL 1,I1
LXI 11, 80 5D4 ; POT i' TO FNECJ;U':-NC Y C (PhICTI U' FAC tG

O4v A,f
CUT 4
DC X

CUT 54i1
)C x 'I

'11 eV A, m~
CUT 54it
DC x

OUT 54
14V I A, 1211 ;H ULT [PLY 'PUS ij'Y NOS
CALL 'evAh111
:IVI A, 1FII ;CONVF16' T0,') TOI F TXILF 101;."
CA L L A

I A! ;G1Ji' ('04ECTI'EE AO1j
.. '10vL, 1
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1v-4

li V ,e* OU'±POT AM U TO n PAC'2

_A~LL

USqE LAti.

f i~x D

M C V A,L

C4 1 (Al;: VT'
J~4~ C~b ;YJMF IF MOM" AhE O>LAVD

0 j 1' LL 17. EN<C.; OI{EEC' 1'PU T)A LEVEL
'liVI A, ;"'OUl ;JUTP-U'i' A START OF COLLECTIONr PULSE

C AL 1, DATC C)L ;ATFOR DI)A~ TO 63F COLLECTET
Cl L. 1 .'OLECT ;GET DA TA
LX i if, W,'09[1 ;F TNL O')JT 'AfICH B3IA LES Aid' TO PF

LU,'A 0( 14 1L IE BIAS MASK N EMELi
O'. CA8

G 4e W ;CII1ECI EACH BIT' FOR A ONT E

'7C C ! ; JU -1 P I F NOT TO B3E INC RFAIEN'1ED
I'l (.V A, f' ;SA~hi 1liTS BI AS

13A1' D ;A!D 5 TO POINTrN TO GETi ENING 131M,7
C t~j 1, ;AI<E THERi: A14Y MORL TO BE, IP!CREAMENTItDl

JA / G~ ;JUM P I F IT W A SNT
G "i~A LDA)/ iii 0 A! I I it IS ThE LAST1 LOOP

.I I' A 1

11 EN U I N G ; JJ P Fb'il TI S 111ThlE ENC
LXi 11, 2flCAiiHC tip ro) MA~r,' .AN'THEk LOOP
LXf r L, 80 jO j

51i 1.IOA X L) ;IO.VE ORIINAL B3IAS)E'. Il'T6 ~iAS
LOCATI( \"NS

C"V A, 1,

J I, ;,7U*~'P IF' NOT 1O. 4E AOVI NC('

A IL]'l ;ARNE A F: ACCIUMULATING?
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.z G 4 ;JUMvP IF" WE ARLNT
Lil LD 80 5 711 ;!2 ET B U~ ST U lj'F'j LHlpC) kH cw.'I' LuG/" j o-
S hL) SO 2 1rl

,,49 LDA 80 1 4fi ;GFET BI AS IWC HEAmi l:N'1 lfr
LXI H-, 18OOAH- ; 1 O1INT0 TO 1 ,IT H;' 1A

G~ 52 Rkc ; IS THE- IS ~ Af SUrPo~iT,- TO if:

I NC l j/!'A:p'l

JNC G54 ;JUMP IFP III ISNi'

054 INX It ;POINT(To NE~XT BI3AS Lnflt.'ITON*1 vOV A, L
C'P I OFII ;LAST BIAls?

'NJZ G52 ;JUMvP Il:' 'IIIERE ARE 1
LN LD 1 ) nA H ;'GnT1 ALL B IASI:S ANWP oUTPUTi :fO >c -
xchfG
LH LD 1? 0OC I
LDA
N (V 2
CALL BIASOT

A DLV A'l M OV A, 11 ;*** *AtpJ\5 NTEW PAT.", i TO AC J1 L H 'A
It LC
JC U 32 ; JUM P IF' UNE P)ATA r; rJHCATIVE.
M, UV .:,Lt~ RLC
3(2 G34 ;JUMP IF INEGATTVE
DN E D ;APU TOCETHER TF PIT 1\1E POS ITIVE

FET
G33 M ~OV A, I ) ;CHBECK Pol il H TH L:k ATO ~F'

H LC
Jc 5 ; JUM~P It- H(Y11 Akf: NEIGATI Vi:

G 5 (1' 0~ OV A t ; S U IRACT ONI l. i' H(;vi TIiHE OIIIKI
kA L

Cii EFI'NiSB OP Wr;GAT r V!- NL1
RA H
CNA

I-1, P
NOWV A, 1
C PviA
NO10V L, 1

L ADl I DV A A 1 1,1 1 i E

PAL
W4C ;HtETU~iN it' PoSIVI. Pll I;LPNCl;
C MC

CWMb ;CC)MPLfNEN~T LWIAI A T II'N&
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Vt(V , ,/'

Ai U V A, L

MU0V L, .\

' A)A . . ;i" NEGATIVE "O A IlD A ND , i 1

A, 11

.I ;;

Ti... k : ; ET THE PUT TO L'TA CCU.i'l1l TG Z FPC

X,,

.. ,,.: I VE

,]. 72 ; ,PJ.*i P Ii' IT ES (e
f. N .l ;.g .... .Ii Z EE;()

(UT ii

(,72 I" 59.1 ;,NO,' ltE3FTi l. . C YC [L E i[?CTOR

OUT

( . IN ,1 i ;T1,%0 PULSES GONE ilY?
A, I101

J.%Z (74
LX T Ii, () ( !i

;74 LXI l,, ( f),,0l1 ;CORPEC'' THK DATA COLLECTEP
CALL C,.1D1 ; S DATA Z FRO?
li ( X G70 ;,JLJrlP [I ITS NOT

I~i-I

("I 56 h; f .; THE FATA STTLL III?

hi: I'

67f; Xci ; i r' PAT\ 1,lN'. ZER0 'TiH:N :;H YFT LEFT
,Y'I'l F '1 1

V. A, F

J.JX ) ;'i'lEi,! AP P 2 TO IT

XC 1G(
, p G,7( "

E
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TI ETL L "i L ITV2 P iOG RM F() I B IM 1 1 i.::, AY J 1

0 LOBP L TM b YT 2, b N1 I, F I{ 1 I
G L013A L G4 3

GLOBAL TTY L N
GLOBAL C 11PD!1
GLOBAL, RUNJ

TT'Y L NK I N f9 ;COM1MUNI[CATiIONS LTIK F(C1< ;AALLL;),N
RAL ;CHE~CK 1)8k
1I1Nc ;!kE'rURN [F, LINK( I

PUSH ;S iAVE: -!IL- F.~OR F:EJiU k

cI (1vi A, '211 ;SET THlE 'P U'i 1 0 TP''UO 'WTV r%\ p "FC,!7

OUT th'I XRA
CUT C, 5

JZ G3M ;CLEAR US;ART

G. :3 'VI A, P511 ;'~ENL !-N(' TO Gkd2J'P ,TA I ON

CALL IN q fvI
C? I LXI 11, 5k00i1 ;8'fAW1 LOADING DAT,% F'kCII G.ROU"J !NT("

CALL R EC IN

M1cv :3, A

:VI VI \, I oH-

OUT r1 ; E T TIIE T IM El VT TDME h 01 T I I

XRA A

iOV

CALL R EC EV
JC G 3 ;JUMiP IF~ ERROR Tt, SUB

C37 CPI 0311 ;1CII'CF FOR E'I'X

INX I;PINTI l TO N EXT P' FF I-. LUCA'1T T U'

JZG4 ; JJ VP I F IT NA." ETX

JNZ C?2 ; JU.,MP AND GET A NOTHlEk Cji",PECI10

GA LXI 11, 58411 ;POINT TO BEi 'N;OF S1I:COMB IM1F"El

G 5 CALL, 7{EC EV ;G'i, ' DATA

(:PT (, 11~ ;C IJEC K FOP T
A Ov ro A

1: iJ i I ; POINT TO NEXT JB'M-FH <I.C\

JZ c ;JUMP IF? IT Wl\' I.'Ix
m~O o, L ;CIIECK -I L- Fo>Z E'NJI, o)1 [(VE-FI:

CHI



27 C A* L L !i IC k" FN 2I'T PA'A
ic (; .JY1 P I k i-IMCIR TN SU13
CPI L.1;CUCi UIR ETX

I N' I1 ; POI.NT TGj NEX' iUVFEI{ LO~CAT ION
G p ;JUM'IP It- TIP 1,AA A N ET X

v V , ;CHELCK -!L- F'Oi END1 01' bUl-TPFE

.1 4,~ ;JU'VllI i-' IT j'j,NAISIT THUE

22 1' 1 X 0W ;LOAP -iiL- -D1-,- -3C- WT-7; .;'AE'7 Oi ACi:

LX[ P,'2T Es~~C

LXi 13, 29 3 Cj I J4 ;NU C(Y'i Vk H AND) C'I '. ONE C0JOW PLETE:,

LLA X -: ;EI LXVIA 1' hM SCNi3Fh

1) ;COMPARE AGA INSTi 1)A'IP. F'I OM ''EC()Nl'

J ". C I P) ;JUM~P [F' NUTi EQUALI C .1 I NX x ; POINT' '10 N*E-XT PATA BYTL'

C tI Thl. '. C. II13 LAF E' ATA BYTE AN '! TX?
.3G 12 ;J .U AP IFI- IT 'A AS

. L ;Cf HEC1ET '31,"E H I ' TIS W3AS THlE END OU?
i'HF 6UPFi r(S

.(13G9 ;JLJ'1)II 11' mOE 'IC 6Y COMIPANETD
6 1 )1. LIM H, 5E1'0!i ; POINT TO LBLGINNI NC OF' COMPLETE LIST

;CTFIRST il YTE IS IT A STX?

,j\ G131 ;.JU1'P .fk' NOT ANT) TRANSMIT A RLPEAT
L JA 5'9C)III ;SEHE Jb' COMMANpD IS A VALID ONF

Cil ("I i

IC C ''

17 Z G(332

c ['1 1 1 C,~i
di (j? 2

.j .. (13

C(2) ,. LL 'j'1 N:i'i ' ;M0 14 PEA 1N3M1 T 'OTAL L I1ST

c Y.1 C:1.I ;CLI LCK f-'R ETrx
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A~U i\ , L ;CiEC '-Ii. 1'ck, fr11AX Uti

.,I 'V A, v
JN Z G 29

G 30l LXI if, E '31111~ ; LOAF -!IfL- W TIJ Sd 1-:" (NPF A'"\ V'j

L DA 5r~ Sii ;1S 'P11 11 AIILR I0A . J;UmiPo

ORA A,

Jz G 2 U511 ;YA, kUWP PRU;A. C iF''/.W

.7 z GJI>P It-' IT 15,
C~l 02if ;TS I" A RUNI COS.' C .MK

C ' C P1 i f: S I T5'I A DUN PA;- li 0Ii 0'P
J7z 1 P ;JUNP IF IT IS
CP 2:1 01! 1 IS IT A <11Cr1~AD

C3' G;IJUM P 1F IT IS
CPl 0- ;IS IT A' FNIIIFC~1.~t.

jz G11 ;jJ~J I F 11!' 1,1

c, P P ;J'S~1 IT" IT 15,

G113 NIVI ; S E5- NSLP. A kIdPlEA'F CI-AHI.CT'iO
CALL T I N SM T

C26 LDA 9 r;i i ;CIIECK 1,ASF 3Y'P FOR~ rITX
CPI (3 il

G3 ;JUMP IF ERRPOR
LXI D, 5!23,DM ;POTNT TO END OF PATA
I X it ; POINTf 1T) LBFCIINTNC, 1 ft t'\'~
CALL, C r!V'iT ;C1,O T\CI TO hEX
LXI Ii , 5 P" 271 ;14 0', GYI;: RE'E Ei C''GI N
M OV I.:I

I il xi

x C 111 C
S ifLE r 72 711 ;SN' [ SHFLF P:)1N'irj1,
s:ILD, 1102-1%
XC HG

O) ;* NiO,4 PH0CI\'
f NY !
'ICGV t*. I,*

XC licG
!:!IC u 2S 't IH !N 13ACE ) I .:K
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I NX

A ,[Li" A 1 -Ali k Ii\,;

'''

1,. L 1 t..!

; CUNIPAPE T(- F1 ' T i3 UFi 1-T' U'ATiA

Y1' 11,7 '11Ih: fI~Y APE "OUM.F
X -C ; PUT I)-I NTO -31 L-

'.~~ ;CO'11PA f'%E' TII N P PlUFF FI PAT ±7\.IT11 5~c u!','I ' ;NO OM~PAiM', JIU O TWPNSMT REA IPEAT7

*j V .~ A;LOAI) vior'X 1'\',A TNTC I- TI;'2 OUri El

'L (fl\ IA; A A B T, ,G, .

C i.I I,

I ~X :1 ;P'DIjNTi "0'C N',J ' L' YTI'
LA, 2,5~' 13U ; LOAF -' s 'J TTH LAST' :1Y'i' OF PT

'!\!VOV ;(CONVIKP' AND CCI IIPA1
L. 5~2:i ;1)N 6C EGI1N1tNG oF IDATA-

;'x Di 50f) Or' ;POINTi '1'(' i31SCIINING t') F~ ;~,.v'r:

'I .. ,. x

WV

t~j A~114



,.TA X 0

INX :)
M OV A, r.,
INX II

I I'l X
m~ OV M
I N~X .71
hcV A,t.,~~INX i

S TA X I
;. (0V A, ,
INX )
STAX D

;i NX BI
INX i)
.I V i\,IV1

I X !I
STA X i)
N "10V A, P
INX I
S' 'AX i)
114X D
GiV A, '.
INX i)
.'1TA X 1)
I NX 1)

M IOV A, i:
C CP I I r;!

JNZ GO)
SIO V A, I'.

"TAX D

'.. (," vA , .
iNX L)
S' 1, X 1)
XiR A A
S TA Sir 7 i

CALL 43
POP !t
Poll I

G1 XA A
STA 60 6 711
CALL DJNU11
PO P I I

(I F . DA 90 ';11 ;LA7' iYi'l; SlOUL) R-; A I'TX
'.." i' [f) ,i

'1(;? ;.IUM I t" I TS NOT
LXI ), 5R 0 511 ;LUAV -BE - WTTil LA:? O,' ATT(, '

!:4X if
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C(:AL I., CL': V i '1

X, A

C [,i/\ ~Y '~Ii ;(C1iECI LASTP BYTE FON E'T'X
OL U 3!

*fq JZI ;,I.7Jqp1 j ' N'' ANT 1

XPRA A

CALL -- ' V V! '
CA LL PA I'

I Lx I

Pu', I''ILX L I, F I, F i'!
CA 1. 1, IM P01ll

CA LL RUN

IJp :1

-1:)VD,A/

Ui V i.
X(f* I C

C f~kfl& [(A I II; THIS S UB~ CCi"VERTSP ASC II 'TU PACKEEL ' iFX
C IIARE:CT'fK

A, ;'J.' A B Yi'F
A:-; I 7Vi l ;RNLAOv!' oNse

;U 40.f ; SUBTRHACT 30
ci I O'A 1, ;j F1 STI LL GH EATEP THANi A TiiiENI SUt6TRACT

7 MRIiE

1LC

L 1.2 ;lkCT!A'IE UP T'O TOP IJ 13U3LE
'WvA ;STOkE IN -Bi-

I. X ' tI NEY'i' l1Y'1E
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~~.--- 1- A , - - ~ - - - - - -- --

S UT

C023 J)NA L1;COPMLINI 'I".D- 141BBLI,:

XTHL
CALL C"IPLF1' ;,iAS TpHAT THLII LA 'j Qy!,,-
I NX iit JL z 21 ;J U 1 P I I T Ii' AS '1''
POP it
R E;T

TRI\SMT PUSH It 6Ti SUB TPANSN I'P TO' "'MU~N!i'

CALL, FR11.
L DA P 0,2 F1I ;'0!P STYATUrS OF 1-TA4,%F
OR I (: 41 ;SET TPTY FLAG
STA 8 0 2F11
I1CV A, h
srA 810 3 711 ; STr(RH PAT'A IN"') TTIY LO(' 'TIGIi

G 2 1111 (9 7 ;,WAI'I ' F TRANS'I T.T'i'Ekf IZEAPY
R AR
J \1C G 23

OUT rM
POP B
RET

0 LC EV I N 5B f! ; HAS TIW v-o(Yr OCCUR E'?

JqZ (,27 ; JUJMP I F IT H-A S
IN rii ;CIIECK TO0 2IF~ Ti RECEIVER O'~. "'FAi

ANI 01i
JZ kE(MsEV

I N 7 H.

IA, ETf

C 27 STiC

F k.11 I L UA P(2EHl ;',vPTT.,F; .' L OB 'N FULL. FPLA, Vi' T '~ 3Y

JNZ fBI I
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IV. APPENDIX B - GROUND CONTROL PROGRAMS

TABLE OF CONTENTS

DESCRIPTION FLOW CHART CHARACTERISTICS CODE
PAGE PAGE PAGE PAGE

1. RST1 122 130 202 227

2. INT 6.5 122 130 NA NA

3. INT 7.5 122 131 202 227

4. CMBACK 122 131 202 232

5. FRAME 122 132 203 233

6. YORN 122 134 203 234

7. MODE 122 135 203 234

8. BIASP 123 138 204 235

9. BIASS 123 138 204 235

10. READ 123 139 204 237

11. NMREAD 123 141 205 238

12. MOVE 123 142 205 239

13. CMPDH 123 142 205 239

14. ALREAD 123 143 205 240

15. BELL 123 143 206 240

16. DIRECT 123 144 206 241

17. ERROR 123 145 206 241

18. ENDIT 124 145 206 242

19. MESSAG 124 145 206 242

20. FILL 124 146 207 242

21. CLEARB 124 146 207 242

22. CLEAR 124 146 207 242

23. MANY 124 147 207 243

24. LOOKUP 124 148 208 243

25. ADDRES 124 149 208 245

26. INDRCT 124 151 208 247

27. BNRY 125 152 209 248

28. DCML 125 153 209 249

29. MOVEM 125 153 209 249

30. COMPA 125 154 209 251
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IV. APPENDIX B - GROUND CONTROL PROGRAMS (continuedl

TABLE OF CONTENTS

DESCRIPTION FLOW CHART CHARACTERISTICS CODE
PAGE PAGE PAGE PAGE

31. COMPD 125 154 210 251

32. COMPSB 125 156 210 259

33. ALTR 125 157 210 253

34. GETDAT 125 158 211 254

35. DFCBN 126 159 211 255

36. DISPL 126 160 211 257
37. FEPROM 126 162 212 259

38. TTYLNK 126 163 212 259

39. BINDEC 126 165 212 263

40. GOTO 126 166 213 264

41. DSDATA 126 166 213 264

42. DSADDR 126 166 213 265

43. BAUD 126 167 213 266

44. NPAGE 127 168 214 271

45. DUMP 127 168 214 272

46. CONT 127 168 215 272

47. WAIT 127 168 215 272

48. RATIO 127 169 215 272

49. MASK 127 169 215 272

50. IDNUM 127 170 216 273

51. LOP 127 170 216 273

52. TIME 127 170 216 273

53. AMU 127 171 216 273

54. INITIAL 127 174 217 276

55. SWITCH 128 180 218 267

56. ASCONV 128 180 218 267

57. BINCON 128 180 219 267

58. FILLM 128 181 219 267

59. TERMIN 128 183 NA 269

60. TRMOUT 128 183 219 269
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IV. APPENDIX B - GROUND CONTROL PROGRAMS (continued)

TABLE OF CONTENTS

DESCRIPTION FLOW CHART CHARACTERISTICS CODE
PAGE PAGE PAGE PAGE

61. TRNSMT 128 183 219 269
62. RECEV 128 184 220 269
63. CNVRT 128 168 220 270

64. CNVRT1 128 168 220 270
65. RPAGE 128 185 214 271
66. RBOOK 128 185 214 271
67. GETLOC 129 186 217 280
68. GETALL 129 187 221 282
69. ALLDEF 129 193 221 284
70. LDBUFF 129 194 222 284
71. MAIN 129 195 222 285
72. MEMORY MAP EPROM 223 NA
73. MEMORY MAP RAM 223 NA

t 74. I/0 PORTS 223 NA
75. FLAGS 224 NA
76. BBIMSO 227
77. BBIMSI 237
78. BBIMS2 251
79. BBIMS3 262
80. BBIMS4 276
81. BBIMS5 284
82. LOOK UP TABLES 292
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GCU SUBROUTINES

RST 1

This subroutine is under the RESTARTI control. It updates the hexadecimal
displays. The hexadecimal characters in the hex-buffer are transferred into
the 8279 display/keyboard encoder.

INT 6.5

When the GCU operates in the "MAIN" routine a depression of any key sends
the unit into this subroutine. All analoa channels are reset to ZERO, displays
are cleared, LED indicatoy are turned off and the control is transferred to
the executive program.

INT 7.5

The interrupt is activitated by the PCM byte counter. The subroutine

rorcesses the PCM data. An 8 bit data word is transferred to the monitor
ort . An appropriate strobe pulse is aenerated. Also, the data is stored into

one of two buffers. While one of the buffers is beino filled, the data
nreviously stored in the other buffer is processed as required.

CMBACK

This subroutine sets selected reaisters and flaqsto their initial conditions
It determines which function is to be executed next, finds the starting
address of the appropriate routine and transfers control to that program.

FRAME

This subroutine establishes the PCM frame lenqth and the necessary word
synchronization for decommutation of the pulse train. Frame lenqth is
determined by countinq the number of eiqht bit words in two consecutive frames.
When agreement between the two counts exists the task is completed by assuring
that the frame length does not exceed the PCM buffer. Frame synchronization
will not be achieved when the frame length exceeds 3F words.

YORN

When a YES or NO reply is required from the keyboard operator, this routine
is executed while waitina for the answer. NO sets the CY=l, YES sets CY=O.

MODE

This is an interactive proaram which ouides the operator throuah the
necessary steps to compose the MODE BYTE of an instruction set to be transmitted
to the Fliqht Control Unit (FCU). It also defines the amu steppina increment
(PYTE 16H). In the MODE BYTE it sets the NO DOWN, AMU or BIAS SWEEP, HI-PASS,
ICCUMULATION and SWITCHINS mode bits.
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BIASP and BIASS

These routines convert the 5 primary or secondary bias values to the
ASCII code and store these codes in the appropriate buffer locations before
transmission to the FCU.

READ

The routine is used to read a character from a terminal or from the GCU
keyboard. Upon an entry a buzzer is activiated. The character code is
converted into the binary code acceptable to the system.

NMREAD

Accepts only ESCAPE (ESC), BACK SPACE (BS), CARRAGE RETURN (CR) and NUMPER
entries. Any other entry forces a new reading attempt.

MOVE

Transfers data from one block of RAM into another block of equal size.

CMPDH

Compares DE reqisters with HL. HL>DE, CY=l; HL=DE, CY=O, Z=l:
HL>DE, CY=n, Z=O.

ALREA)

Reads the ALPHA-NUMERIC characters into the display. Also responds to the
BS, ESC, and CR entries.

BELL

Activates the buzzer for a preset number of loops=X.

DIRECT

This program allows the operator to address directly the entire memory
space of the GCU. Some or all of the functions associated with the
programming or manipulation of the memory may be selected to operate in the
DIRECT mode. CR after "DIRECT" entry commmits all functions. An equals
sign ("=") followed by a function after the "DIRECT" entry places only that
function in the direct mode. More than one function may be commited to the
direct mode by separating the functions with the "equals" siqn. Since the
keyboard on the GCU does not contain an "=" key, selection of individual
functions for the direct access mode is only possible when a terminal is used.
Also, the "DIRECT" mode must be used in conjuction with the "BINARY" mode
where all numeric entries are in the hexadecimal notation.

ERROR

Clears all displays, activates the buzzer and writes "ERROR" in the
alnh-numeric display.
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ENDIT

Ends a program and displays "END"

MESSAG

Displays a messaqe indicated by a pointer and a message length counter.
Also clears the display.

FILL

Fills memory starting with the address XXXX ending at YYYY with data ZZ.

CLEARD

Clears HEX displays.

CLEAR

Clears all displays.

MANY

Reads keyboard or terminal entries and displays same.

LOOKUP

Determines if the entered function in the alph-numeric buffer is valid.
This is accomplished by comparing the entered code with the codes residing in
a look-up table. When a match is found, the address and other parameters
associated with the execution of that function are stored in appropriate
buffers for further processing. Otherwise an error message is displayed.
Since the GCU keyboard enters only one character, while a terminal is allowed
eight characters to define a function, the validation processes differ.

ADDRES

Combines the entered numbers residinq in the HEX display into one word
representinq an address or a single byte of data. The differentiation
between the two is based upon the status of the address flaa which is set
or reset by the prooram which calls the ADDRES subroutine. The subroutine
also warns the operator when the MODE (DIRECT, INDIRECT .... ) has not been
defined. The final result of this subroutine is a word in the binary code
acceptable to the machine.

INDRCT

The GCU is placed into an indirect addressing mode. Only 2400H to 2BFFH RAM
locations (O-7FF entries) are accessible in this mode. When using a terminal
separate functions may be defined to operate in this mode by entering "=" sign
after the "INDRCT" entry and then separating the functions by the equals symbol.
Poth the BINARY and the DECIMAL entry modes may be used.
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BNRY

Address and data entries and displays are in the hexadecimal notation. When
using a terminal only, selected functions may be defined to operate in this mode.
The process is described under INDRT.

DCML

Address and data entries and displays are in the decimal notation. Similar
to the BNRY process. Confusion may result when two data bytes are displayed in
the same readout. Also, DCML must be used with the INDRCT mode only'

MOVEM

Moves data from one block of memory to another block. It ouides the operator
through the process.

COMPA.

This procram compares a block of data with another block of data. When a
mismatch is encountered the address and the data byte in the second block are
displayed. In this routine the first block is considered to be the "Known".

COMPD.

Compares a block of data with a given constant. Mismatched data byte with
its address are displayed.
COMPSB.

Is used to display an address and associated data. Returns to the callinq
proaram/subroutine only after CR command is received.

ALTR.

This program is used to display and to alter data in a aiven memory
location. The routine asks the operator for an address. It displays the address
and the present data. New data may be entered in the GCU. It overwrites the old
data upon CR. At the same time the address is incremented by one and displayed
with the data present in the new location.

GETDAT.

Fetches one byte from an input device. When an error is detected the buzzer
sounds and the routine is repeated unless the "return on CR" flaa has been set
by the callinq program. In the latter case the routine is terminated and the
control is returned to the callinq proqram.
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DECBIN.

Converts four digit decimal number into a 13 bit binary number.

DISPL.

This routine is only used in conjunction with a CRT terminal. It displays a
block of memory startinq with an XXXO address followed by 8 bytes of data. The
next 8 bytes will be preceeded by XXX8 address. The process is repeated until
the end address (YYYF) is detected.

FEPROM.

Moves data from two predetermined memory blocks to a circuit simulating
two EPROMI'S. Two memory mapped output ports are utilized.

TTYLNK.

Maintains communications between the Flight Control and the Ground Control
units. The routine waits for an ENQ character from the balloon package. Once
that inouiry has been received, the routine repeats a message to the balloon unit
three times. Each messaae starts with STX and ends with ETX characters. ASCII
characters are used. An echo is expected from the airborne unit. A time limit
is set on each communications attempt to avoid a permanent or a prolonged loop
in case of a link failure.

BINDEC.

Converts four digit hexadecimal number into a four diqit decimal number.

GOTO.

Transfers processor control to a new location.

DSDATA.

Displays a byte as two hexadecimal characters on the alphanumeric display
When in decimal mode binary to decimal conversion is carried out and a three digit
number is displayed

DSADDR.

Displays the address as a four digit number in the alphanumeric display or
on CRT terminal. Adjustments for the direct or the decimal modes are performed.

BAU0.

Sets the baud reate to accommodate the terminal. Baud rates of 75, 110, 300,
600, 1200, 2400, and 9800 are possible.
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NPAGE

Prepares the TTY Buffer to transmit the "Run a New Instruction Set" Command.

DUMP

Prepares the TTY Buffer to transmit the "Dump the RAM" Command.

CONT

Stores the "Continue" command into the TTY Buffer.

WAIT

Stores the "Wait" command into the TTY Buffer.

RATIO

Prompts the operator to supply the RATIO information to be transmitted to the
FCU in conjuction with the NPAGE command.

MASK

Prompts the operator to supply the Mask byte information for transmission to
the FCU with the NPAGE command.

IDNUM

Asks the operator for the program ID to be transmitted to the FCU as a part
of the NPAGE command.

LOP

Asks for the number of loops that an instruction set has to be repeated.
Part of the NPAGE command sequence.

TIME

Requests the "Dwell Time" information. NPAGE command sequence.

AMU

Information to define the AMU scan is requested. Part of the NPAGE command
sequence.

INITIAL

Initializes the PCM decommutation system. Assigns the displays to the
specified PCM frame words. Also, defines the qualifiers for the display
updating process.

- 127 -

~- ---- . ~Aa-



SWITCH

Switches control between the GCU and a terminal.

ASCONV.

Converts ASCII into system binary.

BINCON.

Converts system binary into ASCII.

FILLM.

Fills a memory block with a qiven byte.

TERMIN.

Reads data from terminal. When the "RETURN" flag is set, returns to callinq
routine without convertinq the data into the system binary code.

TRMOUIT.

Transmits a data byte to terminal.

TRNSMT.

Transmitts data from GCU to the FCU via USART.

RECEV.

Receives data from FCU. Checks for the communications time limit.

CNVRT.

Converts a word into four ASCII characters. Stores the characters startina
with the address indicated by another routine.

CNVRT1.

Converts a byte into two ASCII characters. Stores the characters starting with

an address indicated by another routine.

RPAGE.

Prepares the TTY Buffer to transmit a "Run an Instruction Set" Command,

RBOOK.

Prepares the TTY Buffer to transmit a "Run a Program" Command.
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GETLOC

Receives a data byte from operator. When the byte represents a number less
than 40H an offset is added to that byte before returning to the calling
routine. When this condition is not met error message is displayed and the CPU
control is returned to the callinq routine.

GETALL

Prompts the operator to define various parameters for each display or analog
channel. This information is stored in the decom buffer for later use.

ALLDEF

This routine checks the status of the various flaqs associated with the
decommutation process. The SUBFRAME ID match to a predetermined number is also
checked. When all of the necessary conditions are met for a particular
byte/word of the PCM frame, the address of that byte/word located in a buffer
designated during the initialization process is transmitted to the calling routine.

LDBUFF

This routine waits for a PCM buffer to fill. Then the contents of that
buffer are transferred to a new buffer for processing. The address of the
Frame Sync Word is determined.

MAIN

Forms the main PCM decommutating system. Transfers data to the designated
displays. Receives and responds to messaqes. Determines and keeps track of
frame and word synchronization.
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BEGIN

A LOOP COUNTER i

INPUT 8 BITS

* FROM PCM

TO HI-BYTE N
FRAME SYNC

'A>N_

LSTART THE 8
BTCLK COUNTER]

RESET INT 7.5

INPT 7C.BYT

EOUALS N
TO LO-BYTE4
FRAME SYNC ~-

?

"FRAME 
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B

SET WORD[ COUNTER=0

INT 7.5
FF FLAG SET N

?

Y

WORD COUNT EUL

WORD COUNT+1 
RMESN

LOPCOUNT
y L~OOP COUNT +1

COUN~l NSTORE WORD

* COU NT

STORED WORD COUNT

C

"FRAM4E" CONT.
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CALL

SET "N-ON y ":: N.

N

RESET "NO DOWN"

FLAG

( CALL
"YORN"

CY~l SET "BIAS SWEEP"
FLAG

FLAG

-CALL,

A "MODE"
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RESET TOTAL

* IONS FLAG 
C~

SET TOTAL IONS

FLESTACUULT

STACCUMULATE
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RE E SW TC 

RE E 
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FLAGG

1 ETSITCH

CAL1ON' "OE O
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CONVERT MODE
WODTO ASCII.

STORE

STEPPING?

CALL
"YORN"

VALUE?

('GETDAT"

ERROR

/ CALL
"ENDIT"

RET

"MODE" CONT~.
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BEGIN

KEYBORD N JUMP TO

INPUT "TERMIN"

!L

ENTRY N
AVAILABLE

?

Y

_ READ DATA

REMOVE TOP

TWO BITS

i, !

-'IS IT y
A NUMBER >--*----'-

A

REPLACE WITH CY

A ASCII CR

Y -
REPLACE WITH ESC

ASCII ESC

B

"READ"
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B

Y
REPLACE WITHYE >
ASCII Y YE

L~. 4N

REPLACE WITH I Y N

ASCII N N

REPLACE WITHY- B
ASCII BS BS -A

K CLEAR CL

RESET CLEAR

FLAG

RING BELL

RFT

"READ" CONT.
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BEG IN-)

CALL
'"READ"

Y
CALL ESC

( "CLEAR"

P~TPJ T 1Y SHIFT DISPLAY-

EXECUTIVERIH

RTCR CALL

r "RST1"

?N

N
NXME RING BELL

NUMBER

l.1
SHIFT DISPLAY

LEFT

PUT CHARACTER
IN MSRIGHT LOCATION

rAL
"RST1"

"NMREAD"
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BEGIN

p ENTRY COUNTER-10
CEMAL

"ALREAD"

RET YCR

N

ENTRY COUNTER=

ENTRY COUNTER +

=8I

"MANY"
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'CALL( CER

CALL
'NMMREA D"

FIND NO OF
ENTRIES IN HEX

DIAPLAY BUFFER

COMPACT 1 INTO Y O NRE
LOWER BYTE=

SET HI-BYT
=0 NO

OF ENTRIES COMPACT 2 INTO

Z LOWER BYTE

SET HI-BYTE

N

COMPCT INO COFPACTR4INTO
A~ WORD =

*1 "ADDRES"

A
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BEGINBEI

LAST YADDRESS COUNTER

SENTRY AN

- --- ADDRESS COUNTER
*MAKE THE ENTRY I ADDRESCUTR+1

4CALLCONEOLMI
"DIRECT"

RET DS

CA

e:"ADDRES"

ERROR Y RE

RETURN TO
- E X E C U TI E* 

' ' K LO~~r) < MA CALL /-"CL
ODMN"MOVE" ."ENDIT"

1( RET
"iMOVEM"



(BEDGIN CBEGIN

* ET COt4PA SET COMPD

*FLAG FLAG

t ADDRESS COUNTER
~~~~ AD R S O0 E

I~~ ADDRESS COUNTER +3

* MAX ADDR

* CALL

A

B

"COMPA" AND COMPD'
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B

ACALL N COMPA Y CALL
-GETDATI FLAG SET "A1RES

<- EROR "y.

RETURN TO

EXECUTIVE

MMIN> MAX 

ATA MN A

Y-'.MIN.=ADRS. M IN > MA X

DATA AGAINS

N . BUZZ

"CALL E. _ _ _ _...

"COMPSB" 2
RETURN TO
EXECUTIVE

MIN ADDRESS

MIN ADDRESS +1 
T

MIN. ADRS. N CL

NATA AGAINST !.COMPSB '

"COMPA" AND "COMPB"

CONT.
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(BEGIN

( CALL
"CLEAR"

-i.

GET ADDRESS

"DSADDR" I

GET DATA FROM
S THE ADDRESS

ACALL
_____ _ "DSDATA"

CALL\
"IREAD")

, -. . . . ..

ESC N" ." CALL "N
?"CLEAR"

N

NR . RETURN TO
CRN EXECUTIVE

iy
RET

"COMPSB"
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_______I ADDRESS

CALL -
"DRES"

ERROR
CALL

"CLEAR"

GET DATA FROMREUNT
THE ADDRESSEXUTE

I DSDATA" --

OUTPUT A DASH

L-TO TERMINAL

SET "RTURN ON CR" FLAG

CR" FLAG

CALERROR .yERROR N

INCREMENT ATAR E

ADDSTOREDNEW

"ALTR"
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/BEGIN

f RESET ADDRESS
FLAG

CALLf. (::ADDRES.

SET ADDRESS .7 RET
FLAG

N BYTE OF N

ERO R ETURNE:D WO 9 X>
=0

N?

N

N O CR FAG ETBAD DATA

BUZZZ

CR "RTUR

BUZZON CR'' FLAG

SET RRORDDAT

FLAGG

RET

"GETDAT"
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BEGIN)

y LETRS -

- IN DEC. #

#Y RET

ERROR BIN9 ? /

] ' EQ. 0

EXECUTIVE POINTER POINTS

TO DEC. EQ.OF
EACH BIT. STARTS
AT BIT 11.

FNEW DEC. = 0

POINT TO NEXT
LOWER BIT

ADD NEW DEC. AND

DATA FROM POINTERN [2
" "NEW" " 

Z
Y DEC. DEC # ADJUST DEC. NO. Iy.. ?i IN NEW DEC.

SET BIT IN BIN EQ.

TO DEC. # ADDED yDEC. BEFDODE ADDIN

T"" RST. BIT IN BIN. EQ...
TO DEC. # ADDED
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r~~~ E- G.., I DN.-

'CAL Ny, GCU
'IEROR11ACTIVE

N

RET # OF ADRS CNTR

- =~~0__ _ _

E ADRS. CNTR.1

P Y~-ADRS. CNTR.+1

MIN ADDRESS y DS NR

p 1N

MAX ADDRESS

BUZZ CALL
BUZZ 'ADDRES"

NA

MODESPL
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A

< ADRS. > MIN >MAX BUZZ
,AAX ADRS.

'"CLEAR"

SET LSN MIN
ADRS. TO ZERO

SET LSN MAX
ADRS TO F

GET MIN
ADDRESS

CALL

GET DATA FROM 
FROM TERMINAL

MIN. ADDRESS

\"DSDATA"

CLEAR USART

MIN ADDRESS =
MIN ADDRESS + 1

N N

Y /"MIN .N S y - ENTRIES Y
ADRS. > MIN ADRS. FROM TERMINAL

MAX ADRS - " OR8

CALL .

"ENDIT" - RET

"DISPL" CONT.
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*POINT TO BEGIN. OF

SBLOCK TO BE MOVED

POINT TO END OF j
BLOCK TO BE MOVEDtI
POINT TO MEMORY

MAPPED OUTPUT PORTN
CALL

POINT TO BEGIN. OF
BLOCK 2 TO BE MOVED

POINT TO END OF
SBLOCK 2 TO BE MOVED

POINT TO MEMORY

MAPPED OUTPUT PORT

CALL
SMOVE"

CALLT

"FEPROM"
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- BEGIN

SRTTME LIMIT

TMER

GET WORD FROM 
FLA SET

PCM FRAME -e F A E

f.f

BGET COANDTE

ANDM PARTER

EN. JUMP BACK TO

? MAIN PROGRAM

B GET COMAN

V" IDYLNK"_
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A

____ ____CALL

RECEV*

JUMP BACK TOY
MAIN PROGRAM ABORT

B .f

Y REP EAT

t?

WAIT Y ETX

SET "CONTINUE"
CO?6%NDCAN

,'CHARACTER N

BE DISPLAYED -

"1TTY LNK "CONT.
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BE G IN

BIT COUNTER=O

RESET MSBYTE

POINTER POINTS7

TO THE TABLE CONT..
I DECIMAL EQUIVALENT

FOR EACH BITj

VDECIMAN NUMBER

~NUMBER RIGHT

TO DCEU.DECIMAL NUMBER

BIT COUNTER =0

BITT COUNTER+1 FLAG

N__BIT____ MSBYTE

B INDEC"
RET
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QBGIN

RATE !SET DIVIDER ""0

7 TO 600 .

lL -- o ."

CALL --- N
ADDRES'RT

RETT 5-V DERNI 100

T1 Y 1 T

80. 
100

SERROR-"" CALL Ni?-
9 y' <'ERROR)" ______-

!SET DIVIDER
To 2400 >.

75 ST DIVIDER?

TOTN
? ' _o I "--,. ? ..

SET DIVIDER YT 4800
N T2 TO "

20 ? .../ .320

Io Y SET DIVIDER.
N. ?~.-TO

-N
SET DIVIDER 960..

300 yD -- ESET DIVIDER N

L. 320.......
CALLN

_______)

I SET USART 1"ER"
LCLOCK MODE 1 RET
OUTPUT DIVIDER

CALL E

"fBAUD"
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B

SUBTRACT 2000H Y INDIRECT
FROM START AMU MD

JMULT.START AMU
BY 4

STORE START AMU

IN TTY BUFFER J
( CGALL A

,,CNRTI

END ING?

CALL

"READ"

ESC RET

N Y

N Y

D

"AMU" CONT.
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D

NUMBER

CALL
"ADDRES"

AY

STORE END AMU

IN TTY BUFFER j

CALL

"CNVRT" I
CALL

"ENDIT" -

(RET

"AM" CONT.
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BEGIN

SET "TWO BYTES"
FLAG

AMU LOC
" 

IA

STR IINITIAL"

BUF74ER

DATA-- - - - - - - - - - - -- - - - - - - - - - -



A

CALL
"GETLOC"

NO

ENTRY

N TR

N

CALLTIL"COT
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MATCHLOATIO
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IT 
ALLC 

NT
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ear:.~~ lime-- ---

CALL
"GETALL"

STORE IN DECOM
BUFFER

DISPLAYS 3?

CALL
"GETALL"

ER

SINTEI DCOT

D I P A 4 ?7 - 7



--
'4 

K M-~

E

STORE IN DECOM

BUFFER

RESET "TWO BYTES"

SETTANALOG #

TO ZERO

ANALOG #

ANALOG Y-

CCALL

"GET ALL"

Y NO
ENTRY

?

STORE IN DECOM

BUFFER

"INITIAL" CONT.

-178-



- __ F

TTY LOC

SET "RETURN ON
CR" FLAG

CALL
"GETDAT"

y N

ERROFER

N Y

N TTYN GALL

STR IN DECOM

SET PC tANKRESETPCM LNK R

" CITAL"LOT
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EGIN

I ADD j
C NTR=O

ADD CNTR1j IADD CNTRl

MIN ADDRESS y ADD

{ CNTR=l

N

*MAX ADDRESS/

t CALL
"ADDRES"

EXE ~UTIVE

BUZZ ENTRY -e CTR=2

DATA

B

A

'FILLM"
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BEGIN)

- OUT N

( OF TIME FOR -- SET ERROR FLAG

C04MUlNIC. .__I

PCM N -DSR

FLAG SET FLG E

Y 

Y

"LDBUFF" ,~ECEIVERN

READY

- N
- IN N

* 9SYNC

FLAG -

SET'..

GET DATA

RESET ERROR FLAG

RET

FIRECEV
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BEGIN BEGIN

SET PAGE* FLAG .......... RESET PAGE FLAG

ADDRESS *PAGE (-- INSTRUCTION SET

f ADDRES"

RET-.

STORE ADDRESS
IN TTY BUFFER

PACE STORE "RUN PAGE"
-I FLAG SET COMMD.IN TTY BUFFER

* STORE "RUN BOOK"
COMMD). IN TTY BUFFER

CALL

"CNVRT" *BOOK (=#PROGRAM

I STORE "ETX"
HARACT. IN TTY BUFFJE

JUMP TO MAIN
PROGRAM

"RPAGE", "RBOOK"
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........
BEGIN)

I ~ "MES SAG"

CALL

ADDT EROFE EERRFA

RENE

?GE LNC
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BEGIN

IN1

CALL

"READ"*

ESC >

FLA CL

"READ N

RESET ALLC

NA

B'ALLTLL
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B

C

N

SET DISTA VAID
UEFLAG

NE DIPA REETNCIA
USE FLAG

"READD

Y

NNTAL CONT. ECMA
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CALLTAL"GOT
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REE SUBIDCNNTR

"RETUR REUNT

N y

"GETALL CONT.
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SU ICT

SUBID CNTR ]
TORE DCNTR

STR SUBID

CNTR

P TORE SUBID CNTR
JIN DECOM BUFFER

LOW BYTE LOC

SET "RETURN ON
CR" FLAG j

CALL
"GETDAT"

ADD OFFSETr

J

"GETALL" CONT.
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MSBYTE

SET "RETURN

ONCR" FLAG

(CALL
k~GETDAT"V

"ERROR

ADD OFFSET

STORE IN DECOM J
BUFFER

RET

"GETALL" CONT.
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BEGIN

DISPLAY TO BE ~ E YASFA
USED

N RET

is
"DATA Y TH AT

VALID" NEEDED' THE DAN

SUBIDAN
MATCH Y SUBID'S MATCH N
NEEDED PRESENT SUBID

r?

N TN

GE THE ADDES

OFATH 
MOCTCION

NEDE RETEN
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S BEGIN

- ANY
BUFFER N
FULL -

1*

rN POINT TO BEGINNING
<"' IF OF 2ND BUFFER

-POINT TO BEGININI

OF Ist BUFFER

MOVE TH CONTENTS
INDICATED TO

THE NEW BUFFER

POINT TO

SYNC WORD

RET

"LDBUFF"
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(BEGIN)

CLEAR "BUFFER '

FULL FLAGS

I

CALLA
"LDBUFF"

N

y OUT

N  I

OF SYNC TURN OFFN INC
TWICE ., SYNC LED SYNC -'

TURN ON SYCN !
LED

N / DATA
VALID

7 -/

Y

OUTPUT AMU AND

L DATA TO THE DAC'S

TURN ON "NEGATIVE" Y DATA
TNEGATIVE

LED

fN

L TURN OFF
,._"NEGATIVE" LED

B "MAIN"
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C

CALL
'"ALLDEF"

,, U N
- DATE
NEEDEDI S 7Y

MTHFLAG -

SET

Y7
LDIVIDE AMU BY

~~~CALL DEIA
BINEC ALOLDEF

N

rMIN CONT
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D

-~UPDATE N
- NEEDED- ~~

Y

OUTPUT NEGATIVE ms

SIG TOOF DATA SET

'N

BLANK NEGATIVE

ON "VERFO~n SIGN OF DISPLAY 2 1

TURN DATA OVERFLOW

TURN OFF
"OVERFLOW" LED

DECIMAL ' CALL'N
MODE .- "BINDEC"

POINT TO DISPLAY 1

3 PARAMETERS

E "MAIN" CONT.
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CALL
,, "ALLDEF"

N ,-"lUPDATE
NEEDED

Y

DECIMAL Y. . / CALL
MODE .- "BINDEC"

DISPLAY DATA
ON DISPLAY 3

POINT TO DISPLAY
4 PARAMETERS

CALL "
\ "ALLDEF"

Y DECIMAL ' UPDT

CALLt,,!,c, -MOD--E. NEEED
"BINDEC" MOD

N IN

I DISPLAY DATA
ON DISPLAY 4

/ RST1

4.
F "MAIN" CONT.
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F

POINT TO ANALOG 1
PARAMETERS

( CALL
(.'ALLDEF

UPDATE N
NEEDED > -

OUTPUT DATA
TO DACI

POINT TO ANAL OG I
2 PARAMETERS ]

CALL
"ALLDEF"

N. UPDATE "N
NEEDED

"y

OUTPUT DATA
TO DAC2

POINT TO ANALOG
3 PARAMETERS

CALL
*ALLDE F"

G

"MAIN" CONT.
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G

~A UPDATE N
NEEDED

OUTPUT DATA
TO DAC 3

POINT TO ANALOG
4 PARAMETERSIl

CALL "
"'ALLDEF" ,

UPDATE "

• NEEDED.-- ......Ik.--

OUTPUT DATA TO 1
! DAC 4

POINT TO ANALOG
5 PARAMETERS

CALL
"ALLDEF"

°A

UPDATE N
NEEDED

OUTPUT DATA TO
DAC 5
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'YPF: SUIBROTi' NE.

ENTER: N, CON1FI'IONi.

Ri:: 2 h : '-EGITSERS N(;'' AFFECTED.

MEMORY: 3800 MAX MEMORY ;LOOK UP TABLES.

l818 " 27 ;DISPLAY BUFFER.

I/O POPTW: 81 ;DISPLAY CONTROLLER COMMAND.

80 ;DISPLAY CONTROLLER.

ITY'/5

TYPE: TNTERUPT.

ENTER: NO CONDITIONS.

RFTURN: REGISTERS NOT AFFECTED.

COMMENT: TNT 7.5 MUST BE MASKED, ANT) INTEPUPTS MUST BE ENABLED.

ME.MORY: i8EO-1 ;CONTAINS BUFFER POINTER ADDRESS.
1860-DF ;TM BUFFER.
1PE2 :BYTES IN TM FRAME.
lSE3 ;"TM BUFFER FULL" FLAGS.

I/O) PCRTS: AO ;PCM INPUT
Al ;PCM MONITOR
A3 ;MONITOR STOBE.

TYPE: PROGRAM.

ENTER: NO CONDITTONS.

RETURN: NO RETURN, JUMPS TO CALLED PROGRAM.
SP IS POINTING AT "CMBACK."

MEM2ORY: .84 P ;ADDRESS STATUS FLAG.
18EA ; "TPMIN" FLAG.
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4- 
-77-- -4. 

:;V-

FR~AME

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: PSW AFFECTED.
PC AFFECTED,
H- AFFECTED.
I NTERUPTS ENABLED.
TNT 7.5 ON

mw~oRY: 18E2 ;VM FRAME LENGTP.

1/O PORTS: AO ;PCM INPUT.

A3 ;INTERUPT CLOCK RESET.

YORN

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: CY~l FOR "NO" ENTRY.
CY=O FOR "YES" ENTRY.

t PSW AFFECTED.

lvEAORY: 182A-B ; "ESCAPE" ADDRESS.

MODE

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: ALL AFFECTED.

MEMORY: MESSAGE 33
MESSAGE 34
MESSAGE 35
MESSAGE 36
MESSAGE 37
MESSAGE 41
MESSAGE 42

2409 IMODE WORD FOR BALLOON.

19C4-5 -,MODE WORD (ASCII) FOR BALLOION.

2415 ;STEPPING VALUE FOR BALT,OON.

19DC-D :,STFPPING- VALUE (As Cii ) V,,H AL.J

-203-



------ ' ... " .. q . - - 7 -  J F C
" - " -- -- --........ - - - - .. .

BTASP

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

E;'URN: ALL REGISTERS AFFECTED.

MIMORY: MESSAGE 38
3805 ;SIXTII DISPLAY DIGIT, HEXIDECIMAL.
240A-E ;PRIMARY BIASES FOR BALLOON.
19C4-D ;PRIMARY BIASES (ASCII) FOR BALLOON.

TYPE : PROGRAM.

ENTR: NO CONDITION,.

RETURN: ALL REGISTERS AFFECTED.

MEIMORY : M4ESSAGE 38

3805 :SIXTH DISPLAY DIGIT, HEXADECIMAL.
240F-13 ;SECONDARY BIASES FOR BALLOON.
19CE-D7 ;SECONDARY BIASES (ASCII) FOR BALLOON.

RFAD

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: FLAGS AFFECTED.
ACC CONTAINS INPUT ENTRY.

MEMORY: 1855 ;KEYBOARD/TERMTNAL FLAG.
184D ;CLEAR DISPLAY FLAG
18EA ;ASCII CONVERT FLAG.

I, PT OTS: 91 ;USART COMMAND.
() ; USART.
81 ;KEYBOARD COMMAND.
80 ;KEYBOARD.
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NREAD

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ACC CONTAINS NUMBER.
FLAGS AFFECTED.

MEMORY: 1818-11) ;HEXADECIMAL DISPLAY BUFFER.
182A-B ;ALL PURPOSE ESCAPE ADDRESS.

MOVE

TYPE: SUBROUTINE.

ENTER: HL CONTAINS BEGINNING OF BLOCK TO BE MOVED.

DE CONTAINS END OF BLOCK TO BE MOVED.
BC CONTAINS BEGINNING OF BLOCK TO BE MOVED TO.

RETURN: HL EQUAL TO DE.
BC CONTAINS LAST LOCATION OF BLOCK TO BE MOVED TO.
PSW AFFECTED.

CMPDH

TYPE: SUBROUTINE.

ENTER: HL CONTAINS DATA TO BE COMPARED TO DE.
DE CONTAINS DATA TO BE COMPARED TO HL.

RETURN: ACC AFFECTED.
CY=I Z=O HL > DE
CY=O Z=O HL < DE
CY=O Z=I HL = DE

ALREAD

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ACC CONTAINS ALFA-NUM[ERIC CIARACTER.
FLAGS AFFECTED.

MEMORY: 1810-7 ;ALFA-NUMERTC DID, ;PLAY , F,.

12A-B ;EXECUTIVE JUMP ADI)RE.
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'TYPE: SIJBROUT NE.

ENTER: iI, C(NTATNS RELATTVT: TIME FOR BELL TO RING.

RETUitN: IlL AFFECTED.

I/( PORT,",: D3 ;TURN ON FOR BELL.

DIR ECT

TYPE: PROGRAM.

ENTER: NO CONDITONS.

RETURN: ALL REGISTERS AFFECTED.

MEMORY: 1810 ;LAST ENTRY OF DISPLAY BUFFER.
1800-F ;STATUS LOCATIONS.

ERROR

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: HL AFFECTED.

PSW AFFECTED.

MEMORlY: MESSAGE 9.

END 1'

"'"PE: SUBROUTINE.

;NTR : NO CONDITIONS.

iilTIIRrl: PSW AFFECTED.
iHL AFFECTED.

\'iMA ,DY : ME'SSAGF, 10.

*v F: 2;~' H Vt~l' NF.

.i, PnINTS Tc, BEOTNNING OF ASCII STRING.
,', ThNTAIN' NUMBER OF CHARACTERS.

,',: HL AFFECTED.
P'.W AFFECTED.

.. '.'-O'! ;ALPI}A-NUMERIC DISPLAY.
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FILL

TYPE: SUBROUTINE.

ENTER: HL CONTAINS BEGINNING OF BLOCK TO BE FILLED.
DE CONTAINS END OF BLOCK TO BE FILLED.
ACC CONTAINS DATA TO BE PUT INTO BLOCK.

RETURN! PSW AFFECTED.

HL EQUAL TO DE.

MEMORY: 184C :TEMP. BUFFER.

CLEARB

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS OK.

I/0 PORTS: 81 ;HEXIPECIMAL I)gIPLAY COMMANL .

CLEAR

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS OK.

MEMORY: 3800-7 ; ALPHA-NUME.RIC DIPLAY.
1810-27 ;ALL DIS PLAY PUFVFFkl.

I/O PORTS: 81 ;HEXIDECIMAI, '>ISPLY COWAND.

MANY

TYPE: SUBROUTINE.

ENTER: NO CONDITIONS.

RETUR1: B CONTAINS NUMBER OF ENTRIES.
PSW AFFECTED.

MEMORY: 1855 ;GCU/TERMINAL FLAG.
184D ;"CIEAR: FLAG.
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LOCKUP

TYPE: SUBROUTINE.

ENTER : NO CONDITIONS.

Rl'7IFRN: IF CY- ()
T1 hEN Hl, CONTAINS ADDRESS OF ROUTINE.

DE CONTAINS ROUTINES STATUS ADDRESS.
ACC CLEARED.
FLAGS AFFECTED.
BC AFFECTED.

IF CY:I
THEN ALL REGISTERS AFFECTED.

.VFM()HY: ALL, LOOKUP TABLE
Ig10-7;ALFA-NUUERIC DISPLAY BUFFER.

1855 ; "TERIMINAL/GCU" FLAG.
3800-7 ;ALFA-NUMERIC DISPLAY.

ADDRES

TYPE: S:UB(BUUTINE.

ENTER: NO CONDITIONS.

RETURN: IF CY-O
THEN DE CONTAINS ADDRESS.

* ALL OTHER REGQISTERS AFFECTED.

IF CY=I, B=5
THEN MCODE ERROR, ALL REGISTERS AFFECTED.

IF CY=I. B 5
THEN GENERAL ERROR, ALL, REGISTERS AFFECTED.

MF.MORY: 1818-F ;ALFA-NUMERIC DISPLAY BUFFER.
1848 ;"ADDRESS/MATA" FLAG.

INDRCT

TYPE: PROGRAM.

ENTE.y: NO CONDITIONS.

PETURN: ALL REGISTER, AFFECTED.

PAEWORY: 1810 ;LAST ENTRY INTO ALFA-NUMERIC DISPALY BUFFER.
1800-F ,S ,,TAUS LOCATIONS.
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BNRY

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS AFFECTED.

MEMORY: 1810 ;LAST ENTRY INTO Al,FA-NUMEHTC DIg PTAY 'E!T.
1800-F ;STATUS LOCATIONS.

DCML

TYPE: PROGRAM.

ENTER: NO CONDITONS.

RETURN: ALL REGISTERS EFFECTED.

.MllORY: 1810 ;LAST ENTRY INTO ALFA-NLtV.RIC DISPLAY D'T FFER
1800-F ;STATUS LOCATIONS.

MOV]ll

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS AFFECTED.

MEMORY: MESSAGE 1.
MESSAGE 2.
MESSAGE 3.
MESSAGE 4.
182A-B ;ALL PURPOSE ESCAPE LOCATI(IN.

COMPA

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS AFFECTED.

AWYORY: 184E :"MIORY VERSUS VOWRY" FLAG.
MESSAGE 6.
MESSAGE 21.
MESSAGE 4.
182A-B ;ALL PlII{PO,F TCAPF 7 'AT(N.

SS,, AGE 5.

- ,209 -



COMPD

TYPE: PROGRAM.

VNTT, : NO CONDITIONS.

RL'?T N: ALL HEFGI'i:TERr AFFECTED.

MlVIOFY: MESSA, GE 4.
MESSAGE 5.
MESSAGE 6.
MESSAGE 11.
18/,E ;"MEMORY VERSES MEMORY" FLAG.
182A-B ;ALL PURPOSE ESCAPE LOCATION.I COMPSI3

CYPE: ,SUBHOUTINE.

ENT,1: ACC CONTAINS DATA TO BE DISPLAYED.
PC CONTAINS ADDRESS TO BE DISPLAYED.

R ETURN: ALL REGISTERS OK.

ALTR

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS AFFECTED.

MEMORY: MESSAGE 5.
1849 ;"RETURN ON CR" FLAG.
182A-B ;ALI, PURPOSE ESCAPE ADDRESS.
MESSAGE 9.

I
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GETDAT

TYPE: SUBROUTINE.

ENTER: NO CONDITONS.

RETURN: IF CY=I, 13=5
THEN MODE ERROR, ALL REGISTERS AFFECTED EXCEPT !lL.

IF CY=I, F, 5
THEN GENERAL ERROR.

IF CY=O

THEN ACC CONTAINS DATA.

HL OK.
ALL OTHER REGISTERS AFFECTED.

MvEMORY: 1848 ;"ADDRESS/DATA" FIAG.
MESSAGE 7.
1849 ;"RETURN ON CR" FLAG.

DECBIN

TYPE: SUBROUTINE.

ENTER: HL CONTAINS DECIMAL NUMBER.

RETURN: HL CONTAINS BINARY NUMBER.

MEMORY: 184A-B ;TEMP. BINARY EQUIVALENT STORAGE.
184F ;TEMP. STORAGE OF"BIN",SBYTE.
"BIN"-END OF "BIN" :POINT, TO DECTMAI EQUIVALENCE
MIESSAGE 9.
182A-B ;ALL PURPOSE ESCAPE ADDRESS.

DISP.L

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: ALL REGTSTERS AFFECTED.

M-VORY: ] 55 ;"CONSOLE/TEIMTNAL" FLAG.
MESSAGE C.

A -, ;ALL PIJRPNSE ESCAPE ADDREISS],'.
ME SSAGE] 5.

1/lO P 2: '";IJSART COMMANI).
11SAPT.
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VLI'R()M

TYPE: PROGRAM.

ENTER: NO (CONDITIONS.

, TURN: ALL HEGISTES AFFECTED.

MEMORY: 24OO-')FF ;CONTAINS DATA FOR FAKE EPROM.
FE(OT-FI'FFF ;FAKE EPROM.

I/( PITS: A3 ;"EPROM/RAM" FLAG.

TTYLNK

TYPE: SUBROUTINE..

ENTEF: NO CONDITIONS.

RETURN: G IS OK.
AlI OTHER REGISTERS AFFECTED.

MEMORY: 18 2,8 ;LOOP COUNTER.

182n ;"USART/PCM LINK" FLAG.

19AE-F ;ADDRESS OF TTY DATA.
19B10-DF ;DATA TO BE SENT TO BALLOON.

I/ PORTS: D3 ;COMMAND FOR "TIME-OUT" TIMER.
D2 ; "TIME-OUT" TIMER.

90 ;SYSTEM USART.
Cl ;TM USART COMMAND.
CO ;TM USART.

rINDEC

TYPE: SUBROUTINE.

ENTER: DE CONTAINS BINARY DATA.

RiE'PN: DE CONTAINS DECIMAL EQUIVELENT

MEMOPY: tIO4F ;BIT COUNTER.
I82C ;"MPBYTE PROCEESSED"' FLAG.
"BIN"-END OF "BIN" ;DECIMAL EQUIVALENCES.
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GOTO

kTYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: DOES NOT RETURN.

COMMENT: PC IS MODIFIED.

%EMORY: MESSAGE 5.

DSDATA

TYPE: SUBROUTINE.

ENTER: ACC CONTAINS DATA TO BE DISPLAYED.
HL CONTAINS STATUS ADDRESS OF CALLING ROUTTNE.

RETRUN: NO REGISTERS AFFECTED.

MEMORY: STATUS OF CALLING ROUTINE.

3805-7 ;ALFA-NUMERIC DISPLAY.

DSADDR

TYPE: SUBROUTINE.

ENTER; DE CONTAINS ADDRESS TO BE DISPLAYED.
HL CONTAINS STATUS ADDRESS OF CALLING ROUTINE.

RETURN: NO REGISTERS AFFECTED.

MEMORY: STATUS OF CALLING ROUTINE.

3800-3803 ;ALFA-NTTv DIC DT,,TF[AY.

BAUD

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS AFFECTED.

V!E(BY: VWSSAGE 13
1850 ;FAKE ITATU, AI)IB,,7.

I/O PORTS: D3 ;SYSTM USAHT (MUCK C(;OANI).
DO ;SYS'l'EM USAPT Cl,('('K.
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RPAGE.

TYPE : PiW)iORAM

ENTER: N(; CONDI TON.

RETURN: DOES NOT RETURN UNLESS IN ERROR: THEN ALL REGISTERS AFFECTED.

.. rN' : JITMP5 INTG MAIN ROUTINE.

,,JIA+Y: 1,91' ; "PAGE/BOOK" FLAG.

M...AG,; 12A
13 4F ;TEP. FAKE STATUS.
1930-2 ;LOCATIONS OF BALLOON TM BUFFER.

'YPE: P(KGRAM

FN Eil,: NO C)NDITIONS.

REIHiON: DOES NOT RETURN UNLESS TN ERROR; THEN ALL AFFECTED.

CIMIVXNT: JUMPS INTO MAIN ROUTINE.

EMEA) RY: 182F ;PAGE/BOOK: FLAG.

MESSAGE 12A
184F ;TEMP. FAKE STATUS.
19B0-2 ;LOCATIONS OF BALLOON TM BUFFER.

NPACIF

TYPE: PROGRAM.

NTFER: NO CONDITIONS.

RIR[i[[: DOES NOT RETURN.

Co tI,,h A: JUMPS. INTO MAIN ROUTINE.

IM,,-3OHY: lB0-' ;LOCATIONS OF BALLOON TM BUFFER.

7'YPE: PRWGPAM.

ENTE : C()N IT '1 IroN.,

RE'i'IN: I)OE, NOT RETURN.

('),N: ,lMPS INTO MAIN R()UTINE.

M,:M!?Y: 19130- ;LOCATIONS OF BALLOON TI BUFFER.
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CONT

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: DOES NOT RETURN.

COMMENT:: JUMPS INTO MAIN ROUTINE.fMEMORY: 19BO-2 ;LOCATIONS OF BALLOO-N TM D3UFFER.

WAIT

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: DOES NOT RETURN.

COMMENT: JUMPS INTO MAIN ROUTINE.

MEMORY: 19BO-2 ;LOCATIONS OF' BIAL(,ON TM7F1 R

RATIO

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS.

IEMORY: MESSAGE 31.
1809 ;CONTAINS SAI2
2407-8 ; STORAGE OF DATA FOR UhOER.

MASK

TYPE: PROGRJA.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS AFFECTED.

MW4ORY: MESSZAGF 31 .
414 :20 IRAO.F ()F DATA FPC
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TYPEL: iHIAIM.

IKNTER: No) C(UNDTION"5.

IH'TURN: ALLFET2IU AFFE CTED.

ME~!(~I{Y:;STORAGE OF DATA FOR USER.

TYF.':7V~L

TLNTEI?: N( CONDITIC)N.

!fl,'h A!,! IEGTOTIER, AFFECT1ED.

,''4;TORAGE OF DATA FOR USER.f

'TYP PROGRA.

Nu~o :,g FETD ;CONTATNS STATUS.

'405 ;STRAGEOF DATA FOR USER.

I-1F HOGRAM.

iLI1TEH: NO (> )NDTIO'(-N"

PFTriN: ALL, PEGIISFERSf AFFECTED.

M}fl:MofIY: Wv:CA CE 0 .
M'S;A (,E 31 I
Mlh:2SACE '3;2.
18()() ; CONTAITNS STATUS.

,)TORAGE OF DATA FOR USER.
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INITAL

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS AFFECTED.

MEMORY: 18EB "TWO BYTE DEFINITION" FlAG.
MESSAGE 22.
18E4-9 ;STORAGE OF AFDDES,, ,OR TM DATA.
MESSAGE 21.
MESSAGE 23.
M SS A GE 1024.
3806-7 ;ALFA-NUWRThC DISPlAY.
1ME -F ;24TORAE OF AI)IDPESS' FOR T1' I-ATA

MESSAGE 25.
1809 ;CONTAIN, STATS".
MESSAGE 26.
1916-9 ;STORAGE OF ADDREOSES FOP T,. DATA.
1922-5 ;STORAGE C ,F ADDRESES' FOF TM DATA.
192E-31 ;STORAGE OF Al)DRESS...ES,, FOR TM DATA.
MESSAGE 28.
196A-B ;STORAGE OF A)DRES,", FOR TIM I)ATA.
197A-B ;STORAGE OF ADDRESS FOlR 'I. DATA.
1946-7 ; STORAGE OF ADI)PESS FOR '1M DATA.
1952-3 ;''ToRAlF OF ADDRES;' FOB. TM DAT"A.
195E-F ; STORAGE OF ADI)ESS FOR 'TTM DATA.
MESSAGE 29.
1849 :"ADDRES"/DATA" FLA(,.
19AE-F ; STORAGE Of' ADDRESS FOR T, DATA.
MESSAGE 39.
1829 ;"TM/USARJT" FLAG].

GET LOC

TYPE: SUBROUTINE

ENTER: H,' C,'NTATN ADDRFSS OF MESSAGE.
VC C 'NTAtNS LENGTH ' t,.

RETURN: IF Yzl
lHEN ERROR H{AS] OCCUITET).

ALL BEG I STEPS AFFECT, D.
IF CY-o

THEN A" CONTAINS iDv"TE (OF ,IDRF."'.
Hl AF'ETCTED.

IAGS, AFFECTED.
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7YPE: 1RC)ORAM.

F1N-TER: NO CONDTI'TONS.

RETRN:A1LI, I{EISPEIS AFFECTED.

MLM(h~Y:1C5 "TEv TNL/CNSCL' 1 :FLAG.f/0PORTSl: It ;M -C(SlE/'T-hVI NAL LED MONITOR
CR-NSOrLE/TERMINAL LED

'iY1 i: SUiiROUPTINE.

P~E:ACC CONTINAS ASCII CEiARACTEP 'Xi E CC;NVEh",ED INTO SYST-'h BINIARY.

RETURN: FLAGS AFFECTFD.

ACC CONTAINS) SYSTEN 13INARY.
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BINCON

TYPE: SUBROUTINE.

ENTER: ACC CONTAINS SYSTFM BINARY TO BE CONVERTED TNTO ASCII.

RETURN: FLAGS AFFECTED.

ACC CONTAINS ASCII

FILLM

TYPE: PROGRAM.

ENTER: NO CONDITIONS.

RETURN: ALL REGISTERS AFFECTED.

MEMORY: MESSAGE 4.
MESSAGE 5.
MESSAGE 6.
MESSAGE 7.
182A-B ;ALL PURPOSE ESCAPE ADOESS.

TPVOUT

t TYPE: SUBROUTINE.

ENTER: ACC CONTAINS DATA TO BE TRANSMITTED.

RETURN: ALL REGISTERS OK.

I/0 PORTS: 91 ;SYSTEM USART COMMANI).
90 ; SYSTEM USART.

TRNSMT

TYPE: SUBROUTINE.

ENTER: ACC CONTAINS DATA TO BE SENT TO BALLOON.

RETURN: F AFFECTED.

I/O PORTS: Cl ;TM, USART COMMAND.
CO ;TM USART.
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:1<N :il*: iT )F 2'YNC "R O1UT OF IME.

-1: AC IA..

P livl,'111 A1UFUCTED

ML T 'IY:ART '.Q;~FLAC".
I A, ; 2TA'TUS BYTE FROM BALLOON.
I WOAF ; CONTAINS ADDRESS CFl TTY BYTE.

I 1' T2: ;"TIME-OUT'' FLA(,
Ci ;TM USART COrAV~AND.
Ch ;,Im USART.

ENT EP 1- ,1. CO'N.AINO LflCATION WHERE MSNTBBLE IST. ETOiD
)F CONT'AWN DATA TIO PE CO)NVEPTED ITO ASCIIT CILIRACTEW.

jEj.' N: I. Ckkli'AINS LOCATION WHIERE NEXT MSNTi3BLE IS1 TO BE ST'RED.
r P2WM AFFECTED.

Ij, * *jii ('111'ii) 241 ;ASSIT SITORAGE.

C N A N. Cl fYI N (I WHFIDE M," NIlEL, I. TO PIP- -)7(,FK.

,)"lN:~A'SITON WILEPE NE-XT MS1 Nl BM,.E IS" T16 BE STORED.
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.. :. .r-- . . . .- _ :. . . .. . .... ,... . ...

GETALL

TYPE: SUBROUTINE.

ENTER: DE CONTAINS STARTING AI)DIB2, S lF PARAME-]TERI ISV.

RETURN: IF CY=l
T[EN REGISTERS HOLD NO VALI, DATA.

IF CY=0
THEN DE CONTAINS AI)DiRF,": ," }![ ',!!]YT],'.

HL CONTAINS A)DRE'S 0- I'WYa
PSW AFFECTED.
BC AFFECTED.

MEMORY: MESSAGE 15.
MESSAGE 16.
MESSAGE 40.
MESSAGE 17.
MESSAGE 18.

1849 ;"RETURN ON CR" FLAG.
18EB ;"ANALOG DEFINITION" FLAG,
MESSAGE 19.
MESSAGE 20.
182A ;ALL PURPOSE ESCAPE ADDRESS.
(DE) AND UP ;PARAMETERS FOR I)ISPIAYTN,,.

ALLDEF

TYPE: SUBROUTINE.

ENTER: HL CONTAINS POINTER POINTING TO TOP OF PARAMETER iT F ! TI >AY N,"

RETURN: IF CY=I
THEN PSW AFFECTED.

IF CY=O
THEN HL CONTAINS DATA To BE DTSPLAYED.
P5W AFFECTED.

. ....... AN, P :ARAMETERS ", N ) t:,P'!A'I F()
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'lYP TE: KJlDHOIJ'TNE.

h'i: 0 '- CN7 1 N,- A-I, )VK1 T FIRSi ; YTE r!' S1YNC WORD.
YinCF FO STRL;AFFECTE D.

181'. ;NIJMBER OF WORDS IN TM4 FRAE.I',MA T N

Ii 7 'U A f. EC 1 ''EPAlE F;CTED.

MIT ' Y:I~E3"BUFFEH FULL" FLAGS.
18E0-1 C(CNTiATN, BE5INNINC1 OF TM BUFFER.

PCM STATUS WORD FROM TM BUFFER.
F -"T N1 MIER FROM TM BUFFER.

Ir'E6-'/;DATA FROM TM BUFFER.
i ~ ~ ~ A ~c;ADJ MATCH.
i - "0 ~ "MATCH"FLG

11,00 ; FLAGS FOR DISPLAY.
IL81 -1 1 ;DT'SPLAY] 'BUFFER.
7 UOFI ; FLAG') FOR DISPLAY2.

83 -d 7 ;DISPLAY2 BUFFER.
I OA FLAG,- FOR TJiSPIAY.

F, 81.-?; TDTS"PLM' BUFFER.
1)2-0 ;FLAGS FnR DISPLAY.

ALFA-NUME9RIC DISPLAY.
'I 88- ~;ADDRESSc OF PRESEFNT SUUI D NIJW,.IR.

SCYNC LED.
ANALOGl CiiANNEL 1.

;ANALfOG CHiANNEL, :)
F.;ANALO(G CHANNE'. 3.

ANI ALO0G CHANNEL 4.
'A ;ANALOGl CHA NNEL 5

16 -ANALOG (IHANNEL 7/.

ANALOG CHANNEL

AN A:,G k71iANNI"L (I
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EPROM

O-17FF, 2800-2FFF

I/PORTS

80 HEXDISPLAY AND KEYBOARD ;8279A.
81 COMMAND FOR ABOVE ;8279A.
90 SYSTEM USART ;8251A.
91 COMMAND FOR ABOVE ;P251A.
AO PCM DATA ;8251A.
Al TM MONITOR ;8255A.
A2 FUNCTION BITS ;8255A.
A3 COMMAND FOR ALL 3 ABOVE ;8255A.
BO SPARE ;8255A.
BI SPARE ;8255A.
B2 LEDS ;8255A.
B3 COMMAND FOR ALL 3 ABOVE ;8255A.
CO TM USART ;8251A.
Cl COMMAND FOR ABOVE ;8251A.
DO SYSTEM USART CLOCK ;8253-5.
Dl TM USART CLOCK ;8253-5.
D2 TIME-OUT TIMER ;8253-5.
D3 COMMAND FOR ALL 3 ABOVE ;8253-5.
FO ANALOG MSBYTE AMU.
Fl ANALOG LSBYTE AMU.

F2 ANALOG MSBYTE DATA.
F3 AMALOG NSBYTE DATA.
F4 ANALOG LSBYTE DATA.
F5 ANALOG CHANNEL 1.
F6 ANALOG CHANNEL 2.
F7 ANALOG CHANNEL 3.
F8 ANALOG CHANNEL 4.
F9 ANALOG CHANNEL 5.
FA SPARE.
FB SPARE.
FC SPARE.
FD SPARE.
FE FAKE EPROM 1.
FF FAKE EPROM 2.

RAM

RAM EXTENDS FROM 1800H to 27FFH.

1800-180F FLAGS FOR MODE OF FUNCTIONS.
1810-1827 KEYBOARD ENTRY BUFFER.
1828 LOOP COUNTER FOR BALLOON RECEIVER.
1829 "USART/TM" FLAG.
182A-182B ALL PURPOSE ESCAPE LOCATION.
182C "MSBYTE HAS BEEN PROCESSED" FLAG.
182D-182E SPARES.
182F "INSTRUCTION SET OR PROGRAM" FLAG.
1830 "MATCH" FLAG.
1831-1847 SPARES
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1848 "ADDRESS" FLAG.
1849 "RETURN ON CR" FLAG.
184A-184B BINARY EQUIVALENT (DECBIN).
184C BUFFER FOR "FILL".
184D "CLEAR DISPLAY" FLAG.
184E "COMPA/COMPD" FLAG.
184F COUNTER OF BITS (BINDEC).
18 FAKE STATUS (BAUD).
1851-1854 SPAR[.
1855 "TERM/GCU" FLAG.
1856-185F SPARE.
1860-189E TM DATA BUFFER #1.
18AO-18DF TM DATA BUFFER #2.
18EO-18El TM BUFFER POINTER.
18E2 TM FRAME LENGTH.
18E3 "BUFFER FALL" FLAGS,
18E4-18E5 AMU POINTER FOR D/A CONVERSION.

18L6-18E7 DATA POINTER FOR D/A CUNVERSION.
18E8-18E9 SUE-ID POINTER.
12EA "NO ASCII TO SYSTEM BINARY" FLAG.
18EB "HIBYTE LOCATION ONLY" FLAGS.
18EC-1 FF SPARE.
1900 DISPLAY 1 FLAGS.
1901-1907 SUB-ID NUMBERS TO BE MATCHED.
1908-1909 LOCATION OF BYTE1 LOW.
190A-190B LOCATION OF BYTE2 HIGH.
190C-190D AMU MATCH DATA.
190E TISPLAY 2 FLAGS.
190F-1915 SUB-ID NUMBERS TO BE MATCHED.
1916-1917 LOCATION OF BYTE1 LOW.
1918-1919 !OCATION OF PVTF) HIGH.
191A DISPLAY 3 FLAGS.
191B-1921 SUB-ID NUMBERS.
1922-1923 LOCATION OF BYTEI LOW.
1920-1925 LOCATION OF BYTE? HIGH.
1926 DISPLAY 4 FLAGS.
1927-192D SUB-ID NUMBERS TO BE MATCHED.
192E-192F LOCATION OF BYTEI LOW.
1930-1931 LOCATION OF BYTE2 HIGH.
1932 ANALOGI FLAGS
1933-1939 SUB-ID NUMBERS TO BE MATCHED.
193A-193B LOCATION OF BYTEI.
193C-193D SPARE.
193E ANALOG2 FLAGS.
193F-1945 SUB-ID NUMBERS TO BE MATCHED.
1946-1947 lOCATION OF BYTE.
194R-1949 SPARE
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194A ANALOG3 FLAGS.
194B-1951 SUB-ID NUMBERS TO BE MATCHED.
1952-1953 LOCATION OF BYTE.
1954-1955 SPARE.
1956 ANALOG4 FLAGS.
1957-195D SUB-ID NUMBERS TO BE MATCHED.
195E-195F LOCATION OF BYTE.
1960-1961 SPARE.
1962 ANALOG 5 FLAGS.
1963-1969 SUB-ID NUMBERS TO BE MATCHED.
196A-196D SPARE.
196E-19AD TM BUFFER FOR SORTING.
19AE-19AF TTY BYTE LOCATION.
19BO-IA!2 TRANSMITION TO BALLOON DATA
IA13-1BFF STACK.
ICOO-27FF USERS RAM.

2000-27FF IS INDIRECTLY ACCESSIBLE.

FLAGS

18E3 BIT7 (MSB) IS "BUFFER #1 FULL" FLAG.
BIT6 (NSB) IS "BUFFER #2 FULL" FLAG.

WHEN THE "INT7.5" ROUTINE FILLS A BUFFER IT SETS THE APPROPRIATF
"BUFFER FULL" FLAG. THIS TELLS OTHER ROUTINES THAT NO MORE DATA WILL BE
ENTERED UNTIL THE NEXT BUFFER IS FILLED.

THE "LDBUFF" ROUTINE WILL RESET A "BUFFER FULL" FLAG WHEN IT IS
GOINT TO TRANSFER DATA FROM A BUFFER TO A NEW BUFFER FOR PROCESSING. ALSO,
THE "INT7.5" ROUTINE CAN RESET "BUFFER FULL" FLAGS IF THEY ARE NOT USED BEFORE
IT HAS FILLED THE OTHER BUFFER.

18EA BIT7 (MSB) IS "NO ASCII TO SYSTEM BINARY" FLAG.

IF "TERMIN" IS USED AND THIS FLAG IS SET, THEN THE DATA READ FROM THE
TERMINAL WILL NOT BE CONVERTED INTO SYSTEM BINARY.

18EB ANYBIT IS "HIGHYTE LOCATION ONLY" FLAG.

IF "GETALL" IS USED AND THIS FLAG IS SET, THEN ONLY THE HBYT Lt"
OUESTION IS ASKED. USED FOR GETTING LOCATION FO DATA FOR ANALOG CHANNELS
(ONLY NEEDS ONE BYTE).

1800 throu('h IROF BIT 3 IS "DECIMAL" FLAG.
BIT 2 IS "BINARY" FLAG.
BIT I IS "INDIRECT" ILAG.
BIT 0 (LSB) IS "DIRECT" FLAG.

DEFINES MODE OF INPUT/OUTPUT PRESENTATION. SEE "DCML", "RNRY," INDRCT',
"DRCT" ROUTINE DESCRIPTIONS FOR DETAILS.
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!U

1,I00 - CONTAINS "DISPL" FLAG.
1801 - CONTAINS "ALTER" FLAGS.
1802 - CONTAINS "FILL" FLAGS.
1803 - CONTAINS "MOV" FLAGS.
1804 - SPARE.
1805 - "COMPD' "COMPA" FLAGS.
1806 - SPARE.
1,,07 - CONTAINS "GO" FLAGS.
1808 - SPARE.
1809 - CONTAINS FLAG USED IN DECOMUTATION

REST ARE SPARES

1848 - BIT 7 (MSB) IS "ADDRESS FLAG"

IF ADDRESS IS USED, BIT 7 IS RESET, AND THE "INDIRECT"
FLAG OF THE CALLING PROGRAM IS SET, THEN THE OFFSET 2000 WILL NOT BE
ADDED. USED FOR GETTING A BYTE OF DATA RATHER THAN AN ADDRESS FROM THE
INPUT DEVICE.

1849 - BIT 7 (MSB) IS "RETURN ON CK" FLAG.

IF "GETDAT" IS USED AND THIS FLAG IS SET, AND THE FIRST
ENTRY BY THE INPUT DEVICE IS A "CR", THEN "GETDAT" WILL RETURN TO THE
CALLING ROUTINE. ALSO RESETS "RETURN ON CR" BEFORE RETURNING.

184D - BIT 7 (MSB) IS "CLEAR DISPLAY" FLAGS.

IF "READ" IS USED AND THIS FLAG IS SET, THEN THE OUTPUT
DEVICE WILL BE CLEARED BEFORE RETURNING TO CALLING PROGRAM.

1829 - BIT 7 (MSB) IS "USART/TM" FLAG.

IF "TTYLNK" IS USED AND THIS FLAG IS SET, THEN THE BALLOON
DOWN LINK IS DONE BY USART. IF THIS FLAG IS RESET THEN THE BALLOON DOWN LINK
IS DONE BY TM.

1P55 - BIT 7 (MSB) IS "TERM/GCU" FLAG.

IF THIS FLAG IS SET THEN ALL COMMUNICATIONS TO THE USER ARE
DONE BY A TERMINAL. IF THIS FLAG IS RESET THEN ALL COMMUNICATION TO THE
USER ARE DONE BY THE CONSOLE.
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ST rTL "BBIM5.1 Wf<[T IN BY JIM MANLEY , . , (.

GLOBAL LOOKP
GLOBAL M 1
GLOBAL N2
GLOdAL M3
GLOBAL M4

GLOBAL M8
GLOBAL M 9
GLOBAL MIO

GLOBAL M12
GLOBAL MOVE
GLOBAL TRMUUT
GLOBAL G532
GLOBAL TERMIN
GLOBAL ERROR
GLOBAL REAID
GLOBAL FILL
GLOBAL DIRECT
GLOBAL INDRC'T
GLOBAL 3NRY
GLOBAL DCML
GLOBAL MOVEM
GLOBAL MANY
GLOBAL LOOKUP

GLOBAL CLEAR
GLOBAL GETDAT
GLOBAL DECBIN
GLOBAL BINDEC
GLOBAL ADDRES
GLOBAL BELL
GLOBAL MESSAG

GLOBAL NMREAI)
GLOBAL CMPDH
GLOBAL ENDIT
GLOBAL ALREAD

READ LDA 1855H ;THIS SUB GETS DATA F!KOM KEYBIRD O1,
'i'E R I 'NAL

ORA A
JM TERM IN ;ENTER DATA TIHROUGH TE!ZAINAL I FLG I'j

Si-: F

IN 8111 ;CHECK K ',YB OAP;K ( E. NTRY
O{A A
JM READ ;IF MINUS TEIIN KEY3OARI) IS HU 3Y
AN[ OFH ;15 THERE ANY DATA?
CPI O0l
JZ READ ;J'J'*-1P i3ACK IF N'O i,'I'A /kN) ,,'AIl'

MVI A, 4011 ;TLKLL KEYBOAIR) YOU AWS ABOUT' ,', >9.'.I" IT
OUT PIi1
IN 80H

AN1 .3r H ;AFTER I\ESPONSE MAS;K INITHI 3F
CPI OB ;1S IT A NJM13EP?
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JC GYg, ;J UMP IF" 1T IS

JNZ ;JUMP IF ITS L40T A 10
MVI A, 8DH ;i. AD -ACC- WITH ASCII Ck

59 C I I 1'1 ;1,; ENTRY AN 11
jl I 6 P,;JUIP IF ITS NOT AN 11

il :) , ;LOAD -ACC- WITH ASCII E;SC
SkI ]Bi ; iS I'T A GO?
JN/ ; ;JUIP FI" iTS NOT
iVI A, 91 f

1: 'I 3zi1 ;IS IT A YES EN'i'k<Y?I.Nz I;',,' ;JUMP IF ITS NOT
YV A, 0D9: ;L(JA L -ACC- ,;' ITii ?SCI I Y

GCB C3. A2d ;1,S IT A NO ENi'RY?

JNZ G-7 ;J UMP I F ITS NUT
M VI A, UCE! ;LOAI) -A.C- WITtI A;CI I i

Ci I (;,(i1l 1.; iT A bACK S PACE?
G ' 3:2 J;]JAP IF N15 u'

m'V I A, 3Sili
. _3 2 .1t PSW ;.SAVi 1T

Li)A 18 40 H ;CiECK I S EE IF i': i dAVE 'O C LEAR
.1 D ISPLAY

GkA A
JP C.0 ;(CLEAiR IF MINUJ;
CALL CL EA;{ ;CALL CLEAR IF CcON:;OLE IS OPERATABLE
'lVI A, 8UH ;OUTPUT TO TF.RMINAL A CR LI'
CALL Trk.MOUT
N VI A, 8A It
CALL 'I', M OU' '

09 Xlp/ I A ;RF.SET TIlE CLEAB FLAG
S.T v. 18 4 L)I

GC(0 P uO:SS. H ;SAVE -IlL-
LXI If, 04FFH ;SET UP TO i<ING 13ELL
(-'A L, L 1 ELL

H [:2,1P)O P P"'W

IN, 1-:',"
: i EgA D t) ki:;! i t ;THlIS ,'U, READS IN ONLY AUMIB',S Fi.'U,1O

THlE KgEf6RD

P';I1 i)

i CALL iEAl) ;G0 S;ET A£4 ENTi Y
I'l)V 13 , A ;',;AVE EAT'Y
CIi 96-1,1 ;15 IT AN ESCAPE REJE ST?
,1. G2 ;,JUYP IF IT I S
CII S.pi l ;I'; IT A BACK SPACE ,EQUE,;T?
,XZ G% ;.JUMP II" IT I S
C1P1 H il ; '; IT A CR?

SG3 ;JiJM, IF IT IS

CL'I I011 ; IS IT A NUMB3EkB?
,IWI GE, ;JU.MP IF IT ISNT

IXi I, 1 IC H ; ;E'r UP TO SHI, FT NUMBER DI SPLAY LLFT
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ONE
LXI D,181DH ;DE CONTAINS HL-1,HL CONTAINS MSDIGIT

OF DISPLAY
G4 MOV A,M ;START SHIFTING EACH ONE DOWN ONE

LOCAT I ON
STAX D
MOV A,L
DCX H
DCX D
CPI 18H ;IS THIS THE LAST SHIFT?
JNZ G4 ;JUMP IF IT ISNT
MOV A,B
STAX D
RST 1 ;DISPLAY ALL

G3 POP B
POP D
POP H
RET

G6 LXI H,3FFFH ;SET UP TO RING BELL
* CALL BELL

JMP G1 ;TRY FOR CORRECT ENTRY
G2 CALL CLEAR ;CLEAR DISPLAY AND GO TO ESCAPE

LOCATION
LHLD 182AH ;GET ESCAPE DATA AND PUT IN HL SO WE

CAN

PCHL ;REPLACE PROGRAM COUNTER WITH ESCAPE

DATA

G5 LXI H,1819H ;SET UP TO SHIFT NUMBER DISPLAY TO THE
RIGHT ONE

LXI D,1818H
G70 MOV A,M

STAX D
INX H
INX D
MOV A,L
CPI 1DH
JNZ G70
MVI A,OAOH
STA 181DH
RST 1 ;DISPLAY ALL
JMP Gi ;GO GET ANOTHER NUMBER

MOVE MOV A,M ;SUB TO MOVE DATA FROM HL TO DE TO NEW

LOCATION BC AND UP
STAX B
CALL CMPDH ;SEE IF THIS IS THE END
RZ ;RETURN IF IT IS

INX H ;INC HL AND BC , POINT TO NEXT MOVE
LOCATION

INX B
JMP MOVE ;GO MOVE THE NEXT BYTE

CMPDH MOV A,D ;THIS SUB COMPARES HL TO DE
CMP H ;IF HL>DE THEN CY=I
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RNZ
MOV A,E ;HL=DE THEN Z=1,CY=O

CMP L ;IF HL<DE THEN CY=O
RET

ALREAD PUSH H ;SUB READS IN ALFA-NUMERIC CHARECTORS
AND LOADS IN TO BE DISPLAYED

PUSH D
PUSH B

GIl CALL READ ;GET A CHARECTOR
MOV B,A ;SAVE

CPI 88H ;IS A BACK SPACE REQUEST?
JZ G12 ;JUMP IF IT IS
CPI 9BH ;IS IT AN ESCAPE REQUEST?
JZ G13 ;JUMP IF IT IS
CPI 8DH ;IS IT A CR?
JZ G14 ;JUMP IF IT IS
LXI D,1817H ;SET UP TO SHIFT ALFA TO THE LEFT BY

ONE
LXI H,1816H

GI5 MOV A,M ;GET DATA AND MOVE TO THE LEFT
STAX D
DCX H ;POINT TO NEXT LOCATION TO MOVE
DCX D
MOV A,L ;SEE IF THIS IS THE LAST LOCATION TO

MOVE
CPI OFH
JNZ G15 ;JUMP IF MORE MOVES ARE NEEDED
MOV A,B ;GET BACK SAVED DATA
STAX D ;STORE NEW DATA IN LSDIGIT

G14 POP B
POP D
POP H
RET

G12 LXI H,1811H ;SHIFT ALFA STORAGE TO THE RIGHT ONE
LXI D,1817H
LXI B,1810H
CALL MOVE
MVI A,OAOH
STA 181711
JMP Gil

G13 LHLD 182AH ;LOAD ESCAPE DATA INTO HL SO IT CAN BE
PUT INTO THE PC

CALL CLEAk ;CLEAR THE DISPLAYS
PCHL ;HL MOVED INTO PC

BELL PUSH D ;SUB RINGS THE BELL FOR (HL) LONG
PUSH PSW
LXI D,U0FFFEH
MVI A,06H ;SET UP TO START RINGING BELL
OUT 05 311

G16 DAD 1
JC G16 ;CONTINUE IF NOT DONE
MVi A,07H ;SET UP TO STOP BELL
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OUT OB 3H
POP PSW
POP D
RET

DIRECT LDA 1810H ;THIS SUB SETS THE DIRECT ACCESS FLAG

OF OTHER PROGRAMS
CPI OBDH ;WAS THE LAST KEYBRD ENTRY AN = ?
JNZ G20 ;JUMP IF IT WASNT

G17 CALL MANY ;LOOKUP THE PROGRAMS YOU WANT TO BE
DIRECT, IF THE PROGRAM

MOV A,B ;WERE TuERE ANY ENTRIES IN SUB MANY?
CPI 00H
JZ G17 ;JUMP Ik THERE WERENT ANY ENTRIES
CALL LOOKUP ;IS DIRECT THEN IT IS ALSO BINARY
JC GIS ;JUMP IF THERE IS AN ERROR
LXI 11,80001f ;LETS MAKE SURE TIlS PROGRAM IS ABLE TO

ACCEPT DIRECT

CALL 
CMPDH

JNC G18 ;JUMP IF TiE PROGRAM IS NOT ABLE TO
ACCEPT DIRECT COMMANDS

LDAX D ;GET LOOKED UP PROGRAMS STATUS
ANI OF5H ;MASK OUT INDIRECT AND DECIMAL FLAGS
ORI 05H ;MASK IN DIRECT AND BINARY FLAGS
STAX D ;ST'ORE FLAGS IN MEMORY
LDA 1810H ;LOOK AT LAST KEYBRD ENTRY
CPI OBDH ;IS IT AN = ?
JZ G17 ;JUMP IF IT IS AND GET ANOTHER PROGRAM

TO UPDATE
JMP G19 ;END IF IT WASNT AN =

G18 CALL ERROR ;DISPLAY ERROR MESSAGE AND GO GET
ANOTHER PROGRAM TO UPDATE

JMP G17
G20 LXI D,180FH ;IN THIS MODE ALL PROGRAMS ARE SET TO

DIRECT AND BINARY
LXI H, 17FFH

G21 INX H ;INCREMENT IlL TO THE NEXT MEMORY
LOCATION

MOV A,M ;GET PROGRAM STATUS FLAGS
ANI OF5H ;MASK OUT DECIMAL AND INDIRECT FLAGS
Oki 05H ;MASK IN BINARY AND DIRECT FLAGS
MOV rl,A ;STORE STATUS
CALL CMPDH ;IS THIS THE LAST PROGRAM TO BE

UPDATED?
JNZ G21 ;JUMP IF IT WASNT TilE LAST ONE

G19 CALL ENDIT ;END THIS PROGRAM
RET

ERROR CALL CLEAR ;THIS SUB DISPLAYS ERROR MESSAGE CLEARS
HEX DISPLAY

MVI A,05H ;SET UP TO DISPLAY ERROR MESSAGE
LXI H,M9
CALL MESSAG
LXI H, 3FFFH ;SET UP TO RING BELL
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CALL BELL
RET

E D IT MVI A,0311 ;THIS SUB DISPLAYS END MESSAGE AND
CLEARS HEX DISPLAY

LXI H,Ml() ;SET IP TO DISPLAY END MESSAGE
CALL MESSAG
R ET

MESSAG PUSi D ;THIS SUB DISPLAYS A MESSAGE OF LENGTH
-A- AND LOCATED

PUSH B ;AT -HL- AND UP
CALL CLEAR ;SET UP TO LOAD DISPLAY WITH SPACES
XCHG ;MOVE -HL- INTO -DE-
MOV L,A ;PUT NUMBER OF C|IARECTORS INTO -HL-

'+MVI H, 00fH
DCR L
DA D D ; HL+DE

LXI B,3800it ;ADDRESS IN -DE- AND AN END ADDRESS IN
-HL- ALSO A

XCHG
G78 MOV A,M ;NOW MOVE MESSAGE TO DISPLAY MEMORY

ORI 80, ;SET MSBIT TO SHOW SYSTEM BINARY
STA X B
CALL TRMOUT
CALL CMPDII

INX B
INX Hi
JNZ G78
POP B
POP D
MVI A,8DI ;SET UP TO TRANSMIT CR LF
CALL TRMOUT
MVI A,8A
CALL TRMOUT
RET

FILL MOV M,A ;MOVE THE -ACC- INTO MEMORY UNTIL -HL-
= -DE-

STA Il4CH
CALL CMPDIH

RZ ;RETURN IF THEY ARE EQUAL
LDA 184CH
INX 11 ;POINT TO NEXT MEMORY LOCATION
JyP FILL ;JUMP BACK AND CONTINUE

CLEARB PUSH PSV ;THIS SU6I CLEARS ONLY HEX DISPLAY
MVL A,0DCH
OUT 811t
PUP P S I

RET
CLEAh PUSi i ;OUTPUT A CLEAR INSTRUCTION TO THE

8279A-5
P UHJ 0

PUSii PSW
MVi A, [DFII
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OUT 81H
G22 IN 8111 ;CHECK MSBIT OF STATUS FROM 8279A-5

ORA A
JM G22 ;IF MINUS THEN STAY IN LOOP
LXI H, 3800H
LXI D,380711
MVI A,OAOH
CALL FILL
LXI H,1810H ;NOW CLEAR DISPLAY MEMORY

G64 LXI D,1827H
MVI A,OAOH
CALL FILL
MVI A,8DU ;OUTPUT A CR LF
CALL TRMOUr
MVI A,8AH
CALL TRMOUT
POP PSW
POP D
POP H

RET
MANY MVI ,001H ;THIS SUB GETS KEYBRD ENTRIES AND

DISPLAYS THEM
LDA 1855H ;IF TERMINAL IS ACTIVE THEN DONT SET

CLEAR FLAG
ORA A

JM G23
MVI A,0FFH ;SET CHARECTOR COUNTER TO 00 THEN GET A

CHARECTOR
STA 184DH ;SET THE CLEAR FLAG FOR SUB READ

G23 CALL ALREAD
CPI 8DH ;IS ENTRY A CR ?
RZ ;RETURN IF IT WAS
INR B ;INCREAMENT CHARECTOR COUNTER
MOV A,B ;SEE IF B IS TO LARGE
CPI 09H
JNZ G23 ;JUMP IF IT ISNT
MVI B,08H ;NOT TO EXCEED 8 CHARECTORS
JMP G23 ;GO GET NEXT CHARECTOR

LOOKUP LXI H,LOOKP ;THIS SUB LOOKS UP PROGRAM STARTING
ADDRESSES AND STATUS

G24 MVI A,10H ;ADJUST -DE- SO IT POINTS TO THE FIRST
CHARECTOR

DCR B ;CORRECT -6- TIE CHARECTOR COUNTER
ADD B ;ADD ADJUSTMENT TO CHARECTOR COU,'4TEH
MOV E,A ;MOVE ADJUSTED LOW ORDER ADDRESS TO -E-
MVI D,18H ;ATTACII HIGH OIDiER ADDRESS

G76 PUSH D ;SAVE ENTRY CHAHECTOR POINTER
G25 LDAX D ;GET A CHARECTOR TO BE LOOKED UP

ANI 7FH
CMP M ;IS THE LOOKED UP CHARECTOR EQUAL TO

THE ENTERED CHARECTOR ?

JZ G26 ;JUMP IF IT IS

-243 -



CPI 3Dii ;CHECK FOR = SIGN,COULD BE VALID ENTRY
JNZ G27
MVI A,20H ;IF LAST COMPARISON WAS TRUE THEN

CHECK LOOKUP TABLE FOR A SPACE
CMP M
JNZ G27 ;IF IT IS A SPACE THEN VALID LOOKUP GO

GET ADDRESSES
DCX H ;CORRECT -HL-

JMP G28
G27 MV1 A,20H ;IF NOT THEN LOOK THROUGH LOOKUP TABLE

UNTIL A SPACE IS FOUND
CMP M ;IS IT A SPACE?
INX H
JNZ G27 ;JUMP IF IT ISNT
LXI D,0004H ;ADD 4 TO -HL- , THIS WILL POINT TO

NEXT PROGRAM LIST
DAD D
POP D ;GET BACK -DE-
LDA 1855H ;CHECK FOR ACTIVE CONSOLE
RLC
JC G7 ;UMP IF ITS NOT
MOV A,E ;MUST HAVE ONLY ONE ENTRY
CPI 10H
JNZ G10 ;IF MORE THAN ONE THEN ERROR
I.DAX D ;GET CHARECTOR
CMP M ;ARE THEY EQUAL?
JNZ G7 ;UMP IF THEY ARE NOT
MVI D,OFFH ;SET UP TO GO BACK TO BEGINNING OF THIS

LIST
INX H
MOV E,M ;GET 2S COMPLIMENT NEEDED
DAD D
LXI D,3800H ;POINT TO ALPHA DISPLAY

G61 MOV A,M ;DISPLAY PROGRAM NAME
CPI 20H ;IS IT THE SPACE?

JZ G60 ;JUMP IF IT IS
ORI Bull
STAX D ;DISPLAY IT
INX D
INX H
JMP G61

G7 INX H ;POINT TO NEXT PROGRAM LIST
INX H
MOV A,M ;ARE THERE ANY MORE PROGRAM LISTS ?
CPI OFFH
JNZ G76 ;JUMP IF THERE ARE

GIO CALL ERROR ;IF THERE ARENT ANY MORE PROGRAMS THAN

DISPLAY ERROR
STC ;SET ERROR FLAG
RET

G26 MOV A,E ;IS THIS THE LAST ENTRY ?
CPI 10H
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JZ G28 ;JUMP IF IT IS
INX H ;POINT TO NEXT LOOKUP LOCATION AND

ENTRY LOCATION
DCX D
imp G25

G28 INX H ;THIS IS OUR PROGRAM SO GET THE
STARTING ADDRESS

MOV A,M ;MAKE SURE THIS IS THE END OF A LOOKUP
CPI 20H
JNZ G27
POP D

G62 INX H
mOV E,M
INX H
MOV D,M
PUSH D ;SAVE STARTING ADDRESS
INX H ;NOW GET PROGRAM STATUS
MOV E,M
INX H
MOV D,M
POP H ;GET BACK STARTING ADDRESS
ORA A ;RESET ERROR FLAG
RET

G60 DCX H ;GET LAST LETTER OF PROGRAM
MOV A,M
ORI 80
STA 1810H ;STORE IT
INX H
PUSH H
LXI H, 0000H
LXI D,0001H

G69 DAD D
DAD D
DAD D
JNC G69
POP H
JMP G62

ADDRES PUSH H ;THIS SUB GETS A NUMBER UP TO 4 DIGITS
AND CONVERTS IF NES

CALL CLEARB
G29 MVI B,00H ;SET CHARECTOR COUNTER TO ZERO

LXI H,1818H ;POINT TO MEMORY LOCATION OF DISPLAY
G30 CALL NMREAD

CPI 8DI! ;READ IN A NUMBER AND SEE IF IT IS A CR
JNZ G30 ;JUMP IF IT ISNT

G31 MOV A,M ;COUNT HOW MANY CHARECTORS WERE ENTERED
CPI OAOH ;IS THIS A SPACE?
JNZ G32 ;JUMP IF IT WASNT THE LAST NUMBER
MOV A,B ;WAS THERE TO MANY NUMBERS ENTERED?
CPI 051
JNC G33 ;JUMP IF THERE ARE TO MANY
MOV A,B ;ADJUST THE MEMORY POINTER TO POINT TO
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THE LAST NUMBER ENTEREDADI 17d

MOV L,A ;PUT LOW BYTE OF ADDRESS IN -L-
MVI H,1811 ;PUT HIGH BYTE OF ADDRESS I' -H-
LXI D,O0UOH
MOV A,B ;FIND OUT WERE TO START COMBINING DATA

P CPI 0111 ;ARE THERE 1?
JC G99 ;JUMP IF THERE ARENT ANY
JZ G37 ;JUMP IF THERE IS 1
CPI 03H ;ARE THERE 2 OR 3?
JC G36 ;JUMP IF THERE ARE 2
JZ G35 ;JUMP IF THERE ARE 3
imp G34 ; J UM'P I F THERE ARE 4

G99 STC ;SET THE CARRY TO SHOW ERROR
POP H
RET

G32 MOV A,L
CPI 2DH ;IS THIS THE LAST DISPLAY LOCATION?
JZ G33 ;JUMP IF IT IS
IN!l B ;INCREAMENT NUMBER COUNTER
INX if ;POINT TO NEXT MEMORY LOCATION

JMP G31
G33 CALL CLEARB ;CLEAR THE DISPLAY AND RING THE BELL

LXE H,3FFFH

CALL BELL
JMP G29 ;JUMP BACK AND START OVER AGAIN

G34 MuV A,M ;IF THERE ARE 4 THAN START COMPACTING

HERE
R LC

RLC ;MAKE THIS NIBBLE HIGH ORDER
RLC
R LC
MOV D,A ;SAVE IN D
DCX II ;POINT TO NEXT LOCATION

G35 .1IOV A,M ;IF THERE ARE 3 THAN START HERE
ORA 1) ;COMBINE -A- AND -D-
MOV t,A ;STORE IN D
DCX if ;POINT TO NEXT LOCATION

G36 MOV A,M ;IF THERE ARE 2 THAN START HERE
RLC
RLC ;MAKE THIS NIBBBLE HIGH ORDER
RLC
R LC
MOV t:,A ;SAVE IN -E-
DCX II ;POINT TO NEXT LOCATION

G37 MOV A,M ;IF THERE IS 1 THAN START HERE
tRA E ;COMBINE -E- AND -A-
MoV E,A ;STORE IN -E-
POP if ;GET BACK PROGRAMS STATUS
iOV A,M ;PUT STATUS IN -ACC-
Rkc ;CiIECK TO SEE IF THIS IS DIRECT ACCESS
JNC G38 ;IF IT IS GO HOME
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CMC
RET

G38 RRC ;CHECK TO SEE IF THIS IS INDIRECT
ACCESS

JC G39 ;JUMP IF THERE IS ANY ACCESS DEFINITION
G47 LXI H,M8 ;DISPLAY MODE? MESSAGE

MVI A,05H
MOV B,A
CALL MESSAG
LXI H, 3FFFH
CALL BELL
STC
RET

G39 RRC ;CHECK TO SEE IF THIS BINARY DATA
JNC G40 ;JUMP IF IT ISNT

G52 LDA 1848H ;CHECK TO SEE IF THIS IS DATA OR
ADDRESS

ORA A
RP
LXI H,2000H ;ADD THE ADJUSTMENT TO THE ACTUAL DATA
DAD D
ORA A ;RESET CY FLAG
XCHG
RET

G40 RRC ;CHECK TO SEE IF THIS IS DECIMAL DATA
JNC G40 ;JUMP IF THERE ISNT ANY DATA TYPE

DEFINED
XCHG ;WE NEED TO CONVERT THIS DECIMAL NUMBER

INTO BINARY
CALL DECBIN
XC HG
JMP G52 ;JUMP TO ADJUST NEW BINARY NUMBER

INDRCT LDA 18101 ;THIS PROGRAM SETS OTHER PROGRAMS
STATUS TO 3E INDIRECT

CPI 0BDH ;IF THE LAST ALFA ENTERED WAS AN
JZ G41 ;THEN JUMP
LXI D,180FH ;SET UP TO CHANGE ALL PROGRAM STATUS TO

INDIRECT ACCESS
LXI II, 17FFH

G44 INX H ;POINT TO NEXT STATUS TO BE UPDATED
MOV AM ;MOVE STATUS INTO -ACC-
ANI OFEH ;MASK OUT DIRECT ACCESS FLAG
ORI 02H ;MASK IN lINDIRECT ACCESS FLAG
MOV M,A ;STORE STATUS
CALL CMPDH ;WAS THAT THE LAST STATUS UPDATE?
JNZ G44 ;JUMP IF IT WASNT

G45 CALL ENDIT ;UPDATING FINISHED GO HOME
RET

G42 CALL ERROR
G41 CALL MANY ;GET THE NEXT PROGRAM STATUS TO BE

UPDATED
MOV A,B ;WAS THERE AN ENTRY IN SUB MANY?
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CPI 004
JZ G41 ;JUMP IF THERE WASNT ANY ENTRY
CALL, LOOKUP ;SEE IF PROGRAM EXISTS
Jc G42 ;JUMP IF IT DOESNT EXIST
LXI i,8000H ;SEE IF PROCRAM NEEDS A STATUS
CALL CMPDH
JNC G42 ;JUMP IF NO STATUS IS NEEDED
LDAX D ;MOVE STATUS INTO -ACC-
ANI OFEdi ;MAASK OUT DIRECT FLAG
011 fl2zi ;MASK IN INDIRECT FLAG
STAX 1);STORC sTATUS
LDA 181011 ;MOVE L:--)IGITf INTO -ACC-

BNAY LDA 810 ;THS PRGRA CHAGESTHE STATUS OF A

PRGRM OGACCSP

CPI H,17FF ;BINARY PDATFE

LL MANY0F ;SET APT E TTSO L PROGRAMS
MOV AB ;WS TEREANENTY AND SUHANYTEMT

CPI H,7FH BIAR
G48 G4 I ;JPIT T NE WASNTRANY NTRYS O

CALL LOOKU ;MOE T STATUS IN O-CTIONATE

0JC 0451 ;JMS IN BINARY WAGNERO
LXI H,800A ;STOE O E IFPGRMNDSASTATUS
CALL CMPDH ;WSTATH LATSAUTOB

iNCZ 058 ;JUMPU IF NO WSTU ISNDE
G4 AL XI ;MOVED AUSDAINO GOACC-

G4 ANL MANY ;GETSA POUT RACMAL A
mOR A,13 ;WAS( THNR NR FLRYIAG BMAY

CAXL LOKU ;ST ITS STATUS LCTO

CPI H,803D I ;CHC oSEE IF RORA NEES A STTU

JZC G0 ;JUMP IF'N ITAU IS E NERORA

STAX~T UPDATE STTU

imp G49 ;FINISHED UPDATING GO HOME
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DCML LDA 1810H ;THIS SUB CHANGES PROGRAM STATUS TO BE
DECIMAL

CPI OBDH ;WAS THE LSDIGIT A =?
JZ G51 ;JUMP IF IT WAS
LXI D,180FH ;SET UP TO CHANGE ALL PROGRAM STATUS TO

BE DLCJ AL
LXI H,17FFH

G53 INX H ;POINT TO NEXT STATUS TO BE UPDATED
MOV A,M ;MOVE STATUS INTO -ACC-
ANI OFAH ;MASK OUT BINARY AND DIRECT FLAGS
ORI OAH ;MASK IN DECIMAL AND INDIRECT FLAGS
MOV M,A ;STORE STATUS
CALL CMPDH ;IS THIS THE LAST STATUS UPDATE?

JNZ G53 ;JUMP IF IT ISNT
G54 CALL ENDIT ;UPDATING FINISHED GO HOME

RET
G55 CALL ERROR
G51 CALL MANY ;GET A PROGRAM

MOV A,B ;WAS THERE AN ENTRY IN SUB MANY?
CPI OUH
JZ G51 ;JUMP IF THERE WERE NO ENTRIES
CALL LOOKUP ;GET TilE PROGRAM STATUS
JC G55 ;JUMP IF THERE WAS AN ERROR
LXI H,8000H ;SEE IF THIS PROGRAM NEEDS A STATUS
CALL CMPDH
JNC G55 ;JUMP IF NO STATUS
LDAX D ;MOVE STATUS INTO -ACC-
ANI OFAH ;MASK OUT BINARY AND DIRECT FLAGS
ORI OAH ;MASK IN DECIMAL AND INDIRECT FLAGS

STAX D ;STORE STATUS
LDA 1810if ;MOVE LSDIGIT INTO THE -ACC-
CPI OBDH ;SEE IF IT IS A =
JZ G51 ;JUMP AND GET ANOTHER PROGRAM
JMP G54 ;JUMP TO END

MOVEM MVI C,U00 ;THIS PROGRAM MOVES BLOCKS OF MEMORY
G65 INR C ;NUMBER-OF-ADDRESS COUNTER IS

INCREAMENTED
MOV A,C ;FIND OUT WHAT ADDRESS THIS IS
CPI 01H ;IS IT THE FIRST ONE?
JZ G56 ;JUMP IF IT IS
CPI 0211 ;IS IT THE SECOND ONE?
JZ G57 ;JUMP IF IT IS
LXI H,M3 ;IT MUST B i THE THIRD ADDRESS SO SET UP

TO DISPLAY MESSAGE
G58 MVI A,071 ;PUT NUMBER OF CHARECTORS TO BE

DISPLAYED IN -ACC-

CALL MESSAG
LXI H, 18031 ;LOAD STATUS ADDRESS IN -!lL- AND GET AN

ADDRESS
CALL ADURES
RC ;RETURN IF THERE WAS AN ERROR IN THE

SUB
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PUSH D ;SAVE THIS ADDRESS
MOV A,C ;SEE IF THIS IS THE LAST ADDRSS WE HAVE

TO GET

CPI 03H
JNZ G65 ;JuMP IF IT ISNT THE LAST ONE
POP B ;PUT THE NEW MIN ADDRESS IN -BC-
POP D ;PUT THE OLD MAX ADDRESS IN -DE-
POP H ;PUT THE OLD MIN ADDRESS IN -k-L-
CALL CMPDH ;SEE IF MAX IS LESS THAN MIN
JNC G63 ;JUMP IF IT ISNT
LXI 1i,M4 ;DISPLAY MIN>MAX MESSAGE
MVI A,07H
CALL MESSAG
LXI i,3FFFH ;ERROR SO RING BELL AND START OVER

AGAI N

CALL BELL
LHLD 182AH ;JUMP TO ESCAPE LOCATION
PC H L

G63 CALL MOVE ;NOW MOVE THE DATA
CALL ENDIT ;FINISHED SO DISPLAY END MESSAGE
RET

G56 LXI H,MI
JMP G58

G57 LXI H,M2
JMP G58
END
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STITLE "BBIMS2 WRITTEN BY JIM MANLEY THIRD OF SIX"
GLOBAL RECEV
GLOBAL TRNSMT
GLOBAL G48
GLOBAL LDBUFF
GLOBAL TTYLNK
GLOBAL MOVE
GLOBAL FEPROM
GLOBAL BIN
GLOBAL M4
GLOBAL M5
GLOBAL M6
GLOBAL M7
GLOBAL M9
GLOBAL M11
GLOBAL TRMOUT
GLOBAL ERROR
GLOBAL CLEAR

GLOBAL READ
GLOBAL DISPL
GLOBAL COMPA
GLOBAL COMPD
GLOBAL ALTR

GLOBAL GETDAT
GLOBAL ALREAD
GLOBAL ADDRES
GLOBAL BELL
GLOBAL MESSAG
GLOBAL DSADDR
GLOBAL DSDATA
GLOBAL NMREAD
GLOBAL CMPDH
GLOBAL ENDIT
GLOBAL DECBIN

COMPA MVI A,OFFH ;IDENTIFY AS MEMORY VERSES MEMORY

STA 184EH
JMP G123

COMPD MVI A,OOH ;IDENTIFY AS MEMORY VERSES DATA
STA 184EH

G123 MVI C,OOH ;THIS SUB COMPARES A BLOCK OF MEMORY TO
A BYTE OR TO

G115 INR C ;ANOTHER BLOCK OF MEMORY,-C- IS
COUNTING HOW MANY

MOV A,C ;ADDRESS WE HAVE,NOW WE ARE CHECK WHICH
ADDRESS WE ARE GETTING

CPI 0111 ;IS IT THE FIRST ONE?
JZ G115 ;JUMP IF IT IS,AND SET UP TO DISPLAY

MESSAGE

LXI H,MG ;IT MUST BE THE SECOND ADDRESS SO SET

UP TO DISPLAY MESSAGE
G117 MVI A,208H

CALL M ESSAG
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LXI H,18051 ;LOAD -HL- WITH STATUS ADDRESS
CALL ADDRES
JC G145 ;RETURN IF THERE WAS AN ERROR IN SUB
PUSH D ;SAVE ADDRESS
MOV A,C ;CHECK IF THIS IS THE LAST ADDRESS WE

0HAVE TO GET
CPI 02H
JiqZ G115 ;JJMP IF ITS NOT AND GET ANOTHER

ADDRESS

LXI H,Mil ;DISPLAY AGAINST MESSAGE
MVI A, 0711
CALL MESSAG
LDA l84Eil ;IS THIS MEMORY VERSES MEMORY OR VERSES

DATA?
ORA A
JM C120 ;JUMP IF IT IS MEMORY VERSES MEMORY
LXI H,18054 ;LOAD -HL- WITH STATUS ADDRESS
CALL GLETDAT ;GET A DATA BYTE
JC Gi45 ;RETURN IF THERE WAS INCORRECT MODE
POP D ;GET BACK MAX ADDRESS AND PUT IN -DE-
POP 11 ;GET BACK MIN ADDRESS AND PUT IN -HL-
PUSH PSW ;SAVE -ACC-
CALL CMPDH ;IS MIN GREATER THAN MAX?
JC G122 ;JUMP IF IT WAS AND DISPLAY MIN>MAX

MESSAGE
G131 POP PSW ;GET BACK DATA

CMP M ;IS (HL)=-ACC- ?
PUSH H
POP B
PUSH PSW
MOV A,M
CNZ COMPSB ;CALL IF IT ISNT AND DISPLAY ADDRESS

AND DATA
CALL CMPDH ;IS THIS THE LAST COMPARISON?
JNZ G124 ;GO AND POINT TO NEXT COMPARISON

LOCATION
POP PSW

G126 CALL ENDIT ;FINISH UP
RET

G124 INX H
JMP G131

G122 POP PSW ;DISPLAY MIN>MAX MESSAGE
LXI H,M4
MVI A,07H

G118 CALL MESSAG
LXI H,3FFFH ;RING BELL
CALL BELL

G145 LIIULD 12AII
i PC HL1 CALL CLEAR

imp G145
G116 LXI H,M5
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JMP G117
G120 LXI H,1805H ;LOAD -HL- WITH STATUS ADDRESS

CALL ADDRES ;GET AN ADDRESS
JC G145 ;RETURN IF' THERE WAS AN ERROR IN SUB
MOV B,D ;MOVE -DE- INTO -3C-
MOV C,E

POP D ;GET BACK MAX AND PUT IT IN -DE-
POP H ;GET BACK MIN AND PUT IT IN -HL-
CALL CMPDH ;CHECK IF MIN>MAX
JC G122 ;JUMP IF MIN>MAX

G130 LDAX B ;MOVE WHATS IN -BC- AND COMPARE IT TO

WHATS IN -HL-
CMP M

CNZ COMPSB ;CALL IF THEY ARENT EQUAL AND DISPLAY
DATA AND ADDRESS

CALL CMPDH ;CHECK IF THIS IS THE LAST OE
Jz G126 ;FINISH UP
INX B ;POINT TO NEXT LOCATION TO BE CHECKEDINX H

JMP G130
COMPSB PUSH H ;THIS SUB DISPLAYS DATA AND ADDRESS AND

WAITS FOR A CR
PUSH D
PUSH PSW

CALL CLEAR ;CLEAR ALL DISPLAYS FIRST
MOV D,B ;MOVE -BC- INTO -DE- TO BE DISPLAYED
MOV E,C

LXI H,1805H ;LOAD -HL- WITH STATUS ADDRESS
CALL DSADDR ;DISPLAY THE ADDRESS
PUSH PSW
MVI A,OAOH ;OUTPUT A SPACE

CALL TRMOUT
POP PSW
CALL DSDATA ;DISPLAY DATA

G134 PUSH B ;WAIT IN LOOP UNTIL SPACE
CALL READ
POP B
CPI 96H ;IS IT AN ESC , IF IT IS THEN GO HOME
JZ G136
CPI 8DH
JNZ G134

POP PSW
POP D
POP H
RET

! V A,07d ;THIS SUB ALTERS A MEMORY LOCATION
,x, H,M5 ;SET UP TO DISPLAY ADDRESS MESSAGE
,'x, ,'1004H ;OFFSET THIS MESSAGE

. ALO -!IL- WITH STATUS ADDRESS



JC G99 ;JJMP IF THERE WAS AN ERROR IN SUB
LXI H,1801H

G95 CALL CLEAR ;DISPLAY THE ADDRESS
CALL DSADDR

MVI A,OAOH ;OUTPUT A SPACE
CALL TRMOUT

G104 LDAX D ;LOAD -ACC- WITH DATA
CALL DSDATA ;DISPLAY THE DATA
MVI A,0ADHI
CALL TRMOUT

G105 PUSH D

MVI A,0FFH ;SET UP FLAG TO TELL SUB GETDAT TO
RETURN

STA 184911

CALL GETDAT ;GET DATA
JC G96 ;JUMP IF MODE ERROR
POP D
STAX D ;STORE NEW DATA

G97 INX D ;POINT TO NEW LOCATION TO CHANGE
J1 P G95

G96 LDA 1849H ;CHECK TO SEE IF MODE ERROR OCCURED

ORA A
J GI00 ;JUMP IF ERROR
PUP D
JMP G97 ;JUMP TO POINT TO NEXT ADDRESS

G99 MOV A,B ;CHECK IF MODE ERROR OCCURED IN SUB

CPI 05H
JZ G152 ;JUMP IF IT IS

LXI HM9 ;DISPLAY ERROR MESSAGE
MVI A, 05H

G151 CALL MESSAG
G152 LXI H,3FFFH ;SET UP TO RING BELL

CALL BELL
G150 LHLD 182AH

PCHL
G100 XRA A ;CLEAR GETDAT FLAG

STA 184911
Jmp GI50

GETDAT PUSH H ;TiiIS SUB GET A DATA BYTE,ALSO CAN
RETURN UPON 0000 ENTRY

XRA A ;SET UP TO CLEAR ADDRESS FLAG IN
ADDRESS SUB

STA 1848H
CALL ADDRES ;GET THE DATA
MVI A,OFFH ;SET UP TO SET ADDRESS FLAG IN ADDRESS

SUB
STA 1848H
JC G139 ;JJMP IF THERE WAS AN ERROR IN SUB
MOV A,D ;CHECK TO SEE IF MSBYTE OF -DE- IS 00

CPI 0(li
MOV A,E
JZ G133 ;JUMP IF GOOD DATA
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LXI H,M7 ;SET UP TO DISPLAY BAD DATA MESSAGE

MVI A,08H
CALL MESSAG

LXI H,3FFFH ;SET UP TO RING BELL
CALL BELL
MVI B,04H ;SET -B- TO BE 4 FOR ERROR

G132 STC ;SET THE CARRY TO SHOW GENERAL ERROR
G133 POP H

RET
G139 MOV A,B ;WAS THERE A MODE ERROR?

CPI 05H
JZ G132 ;JUMP IF THERE WAS
CPI 00H ;SEE IF WE ARE TO RETURN ANY Wi Y
JZ G137 ;JjMP TO CHECK FLAG

G135 LXI H,3FFFH ;SET UP TO RING BELL AND GO GET GOOD
DATA

CALL BELL
POP H
JMP GETDAT

G137 LDA 1849H ;CHECK RETURN FLAG
ORA A
JP G135 ;GO RING BELL AND GET GOOD DATA BECAUSE

NOT SUPPOSED TO RETURN
XRA A ;CLEAR THIS FLAG FOR NEXT SUB
STA 1849H
JMP G132 ;FINISH UP

DECBIN PUSH D ;THIS SUB CONVERTS DECIMAL NUMBER IN
-HL- INTO BINARY

PUSH B
PUSH PSW
MOV A,H ;CHECK EACH DIGIT AND MAKE SURE IT HAS

NO LETTERS IN IT
ANI CFH
CPI OAH

J IC G127
MOV A,H
ANI OFOH
CPI OAOH

JNC G127
MOV A,L
ANI OFH
CPI OAH
JNC G127
MOV A,L
ANI 0FOH
CPI OAOH
JNC G127
LXI D,0000H ;SEE IF WORD IS 0000

CALL CMPDH
JZ G125 ;JUMP IF IT IS

LXI D,8191H ;SEE IF WORD IS GREATER THAN MAX MEMORY
CALL CMPDH
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JC G127 ;JUMP IF IT IS AND DISPLAY ERROR
MESSAGE THEN GO HOME

PUSH{ H

LXI 11,0000H ;SET BINARY TO 0000
SHLD 184AH ;STORE BINARY EQUIVALENT
LXI H,BIN ;POINT TO DECIMAL LOOK UP TABLE
MOV A,L ;FIND END OF TABLE
DCR A
STA 184Fh ;STORE FIRST LOCATION FOR LATER USE
LXI B, 0019H
DAD 6
LXI 8,OOr- ;SET NEW DECIMAL TO 0000

G101 MOV D,M ;GET DECIMAL FROM MEMORY

DCX H
YLOV E,M
DCX H ;NOW DECIMAL NUMBER IS IN -DE-
XTHL ;EXCHANGE NUMBER TO CONVERT AND POINTER
PUSii 1i ;SAVE NUMBER TO CONVERT

MUV H,
, 0V L,C ;PJT NEW DECIMAL NUMBER INTO -HL-
MOV A,L ;ADD -HL- TO -DE- AND DECIMAL ADJUST
AuD E
JC G109
DAA
JNC G1I0

Gill 1IN1R H1
GI10 MOV L,A

MoV A,H
ADD D
DAA
MOV H,A
XCHG ;MOVE -HL- INTO -DE-
POP 'I ;GET BACK NUMBER TO BE CONVERTED
CALL CMPDi ;SEE IF THIS ADDITION DOESNT GO HIGHER

THAN NUMBER TO BE CONVERTED
JZ G102 ;HAVE TO SET THE CY BEFORE ROTATING

INTO BINARY
JNC G138 ;JUMP IF IT WAS

G128 mOV 3,D
MOV C,E

G138 PUSH it ;SAVE NUMBER TO BE CONVERTED
LHLD 184AH ;GET BINARY EQUIVALENT THAT WE SAVED
MOV A,L ;ROTATE IN THE CY BIT
RAL
MOV L,A
MOV A, H
RAL
MOV H,A
SUILD 184AH ;SAVE BINARY EQUIVALENT
POP H ;GET BACK NUMBER TO BE CONVERTED BUT

ONLY TO CORRECT STACK
XTHL ;NOW SWITCH NUMBER TO BE CONVERTED WITH
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DECIMAL POINTER
LDA 184FH ;IS THIS THE LAST LOOKUP LOCATION?
CMP L
JNZ G101 ;JUMP IF THE COMPARISON A WHILE BACK

WAS EOUAL
POP H ;CORRECT STACK

LHLD 184AH ;PUT BINARY CONVERSION INTO -HL-
G125 POP PSW

POP B
POP D
RET

G109 DAA
INR H
JC Gill

JMP GI0
G102 STC

JMP G128
G127 LXI H,M9 ;DISPLAY ERROR AND GO HOME

MVI A,05H
CALL MESSAG

LXI H,3FFFH ;SET UP TO RING BELL
CALL BELL
LHLD 182AH
PCHL

DISPL LDA 1855H ;THIS PROGRAM DISPLAYS DATA LOCATED

BETWEEN TO ADDRESSES
ORA A
JP G171 ;IF CONSOLE IS ACTIVE DISPLAY ERROR

MVI C, OOI1
G83 INR C ;-C- IS NUMBER-OF-ADDRESS COUNTER

MOV A,C ;FIND OUT WHICH ADDRESS WE ARE LOOKING
F OR

CPI 01H ;IS IT THE FIRST ONE?
JZ G84 ;JUMP IF IT IS
LXI HM6 ;SET UP TO DISPLAY MESSAGE

G85 MVI A,0BH
CALL MESSAG

G86 LXI H,1E00H ;PUT STATUS ADDRESS INTO -HL-
CALL ADDRES ;GET AN ADDRESS

JC G94 ;JUMP IF THERE WAS AN ERROR IN SU
G87 PUSH D ;SAVE ADDRESS

MOV A,C ;IS THIS THE EAST ADDRESS WE HAVE TO
GET ?

CPI 02H
JNZ G83 ;JUMP IF IT ISNT
POP D ;GET BACK MAX AND PUT IT IN -DE-
POP H ;GET BACK MIN AND PUT IT IN -HL-
CALL CMPDH ;MAKE SURE MIN ISNT GREATER THAN MAX
JC G90 ;JUMP IF MIN IS GREATER THAN MAX
CALL CLEAR
XCHG ;PUT MIN ADDRESS INTO -DE-
MOV A,L ;SET LOW NIBBLE MAX TO F AND LOW NIBBLE
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MIN TO 00
ORI OFH
MOV L,A
MOV A,E
ANI OFOI
MOV E,A
PUSH H

G174 LXI H,1800H ;PUT STATUS ADDRESS INTO -HL-
CALL DSADDR

G173 MVI A,0AOH ;OUTPUT A SPACE
CALL TRMOUT
IN 9111 ;IS ENTRY FROM TERMINAL PRESENT?
RRC
RRC

JNC G121 ;JUMP IF NO ENTRY
IN 90H ;CHECK FOR ESCAPE CHARECTOR
orI 80H
CPI 9BH
JZ G93 ;IF ESCAPE THEN TERMINATE PROGRAM

G129 IN 91H ;LOOK FOR NEXT ENTRY,STAY IN LOOP UNTIL
ANOTHER ENTRY

RRC
RRC
JNC G129

IN 90H
G121 LDAX D ;GET DATA TO BE DISPLAYED

LXI H,1800H ;PUT STATUS ADDRESS INTO -HL-
CALL DSDATA ;DISPLAY DATA
POP H
CALL CMPDfl ;CHECK TO SEE IF THIS IS THE LAST ONE
JZ G93 ;JJMP IF IT IS THE LAST ONE
PUSH H ;SAVE MAX LOCATION
INX D ;POINT TO NEXT LOCATION TO BE DISPLAYED
MOV A,E ;IF THE LSNIBBLE IS A 0 OR 8 THEN

OUTPUT CR LF
ANI OFH
JZ G172
CPI 08H
JNZ G173

G172 MVI A, 8DH ;OUTPUT A CR LF
CALL TRMOUT
MVI A,8AH
CALL TRMOUT
JMP G174

G171 CALL ERROR ;CALL ERROR IF CONSOLE IS ACTIVE
RET

G93 CALL ENDIT ;FINISHED
LHLD 182AHi
PC H L

G84 LXI H,M5
JMP G85

G90 LXI H,M4 ;SET UP TO DISPLAY MIN>MAX MESSAGE
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MVI A, 07H
CALL MESSAG
LXI H,3FFFH ;SET UP TO RING BELL
CALL BELL
RET

G94 MOV AB ;CHECK TO SEE IF MODE ERROR OCCURED
CPI 05H
RZ ;RETURN IF MODE ERROR
LXI H,3FFFH ;RING BELL THEN TRY FOR A GOOD ADDRESS
CALL BELL
JMP G86

FEPROM XRA A ;THIS PROG OUTPUTS DATA TO FAKE EPROM
OUT 0A 3H

LXI H,2400H ;MOVE FROM 2400 To 24FF TO FE00
LXI D,24FFH
LXI BOFEOH
CALL MOVE
LXI H,2500H
LXI D,25FFH
LXI B,0FF00H;MOVE FROM 2500 TO 25FF TO FFO0
CALL MOVE
MVI A,01H
OUT OA3H
CALL ENDIT
RET

TTYLNK MVI A,OFDH ;PROGRAM FOR COMMUNICATIONS BETWEEN
BALLOON AND GROUND

STA 1828H ;LOAD LOOP COUNTER WITH -3
MVI A,OBOH ;LOAD TIMER WITH STARTING COUNT USED

FOR TIMING MAX LENGTd OF TRANS
OUT OD3H
MVI A,OFFH
OUT 0D22H
OUT OD2H
LDA 1829H ;USART OR TM LINK?
RAL
JC G103 ;JUMP IF USART
LHLD 19AEH
MOV A,M

G106 CPI 05H
JNZ G48 ;JUMP IF NOT AN ENQUIRE CHARECTOR

G78 LDA 19BIH ;GET COMMAND BYTE
CPI 01H ;IS IT A PAGE CONSTRUCTION COMMAND?
JZ G79 ;JUMP IF IT IS
CPI 02H ;IS IT A BOOK RUN COMMAND?
JZ G80 ;JUMP IF IT IS
CPI 04H ;IS IT A PAGE RUN PROGRAM?
JZ G80 ;JUMP IF IT IS
CPI 08H ;IS IT A DUMP COMMAND?
JZ G81 ;JUMP IF IT IS
CPI 2011 ;IS IT A WAIT COMMAND?
JZ G81 ;JUMP IF IT IS
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CPI 40H ;IS IT A CONTINUE COMMAND?
JZ G81 ;JUMP IF IT IS
CPI 101 ;IS IT A GO TO COMMAND?
JZ G88 ;JUMP IF IT ISG70 MV1 A,02H ;TRANSMIT AN STX CHARECTOR
CALL THNSMTMV A,03H

CALL TRNSMT
MVI A,02H
CALL TRNSMT
MVI A, 0311
CALL TRNSMT
MVI A,02H
CALL TRNSMT

1 MVI A, 0 311
CALL TRNSMT
MVI A,40H ;CLEAR COMMAND
STA 193 1H
MVI A, 03H
STA 19B 211
JMP G48

G88 -XI D, 19E
JMP G72

G82 CALL TRNSMT
Ji~l P G48

G79 LXI D,19E2H ;GET END ADDRESS
JMP 072

G80 LXI D,19i6H ;GET END ADDRESS
JMP G72

G81 LXI D,19B2H ;GET END ADDRESS
G72 LXI H,19d011 ;GET STARTING ADDRESS
G71 MOV A,M ;GET A CHARECTOR

CALL TRNSMT ;TRANSMIT CHARECTOR
CALL CMPDH ;4AS THIS THE LAST TRANSMITION?
INX H
JNZ G71 ;JUMP IF IT WASNT THE LAST ONE
LDA 1828H ;GET LOOP COUNTEk AND INCREAMENT
INR A
STA 1828Hi
JNZ G78
MVI B, 0B 0H

G73 CALL RECEV ;GET BACK CHARECTORS OR ABORT OR REPEAT
JC 048 ;,JUMP IF ERROR
CPI 1BH ;3JMP IF ABORT COMMAND
J- G48
CP1 15il ;IS IT A REPEAT CHARECTOR
JZ G74 ;JUMP IF IT IS
CPI 03ji ;IS IT AN ETX CHARECTOR?
JZ G76 ;JUMP IF IT IS
CPI 3011 ;IS THERE DATA TO BE DISPLAYED?
JC G75 ;JUMP IF THERE ISNT
CPI 40f1
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JZ G75
OUT 9011

G75 INR B
JNZ G73

G76 MVI A,8DH
CALL TRMou~r
MVI A, BAH
CALL THMOUT

MVI A,OAAHICALL TRMouTr
LDA 1901H1 ;IF" WAIT COMMAND DONT RESET MESSAGE
CPI 20H1
iZ G48

.1MVI A,40H ;CLEAR COMMAND DEFINITION
STA 19B111
MVI A,031
SrA 19B2H
JIMp G48

G74 MVI AOFDH ;LUAD LOOP COUNTER WITH -3
STA 1828H1
imp G78

G103 IN OC1H
RAR

t ~RAR G0

IN OCOH ;GET CHARECTOR
JM P G106
END
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STITLE "BBIMS3 WRITTrEN BY JIM MANLEY FORTH OF SIX"
GLOBAL M45
GLOBAL M43
GLOBAL M44
GLOBAL GOTOBB
GLOBAL MAIN
GLOBAL LOP
GLOBAL RATIO
GLOBAL M30
GLOBAL M31
GLOBAL M32
GLOBAL AMU
GLOBAL TIME

GLOBAL MASK
GLOBAL IDNUM

GLOBAL RPAGE
GLOBAL RBOOK
GLOBAL NPAGE
GLOBAL DUMP
GLOBAL CONT
GLOBAL WAIT
GLOBAL MI2A
GLOBAL RECEV
GLOBAL TRNSMT
GLOBAL LDBUFF
GLOBAL M4
GLOBAL M5
GLOBAL M6
GLOBAL M7
GLOBAL M13
GLOBAL BINCON
GLOBAL GETDAT
GLOBAL FILL
GLOBAL BELL
GLOBAL FILLM
GLOBAL TRMOUT
GLOBAL SWITCH
GLOBAL ERRO
GLOBAL DECBIN
GLOBAL BINDEC
GLOBAL GOTO
GLOBAL ADDRES
GLOBAL CMPDH
GLOBAL ENDIT
GLOBAL MESSAG
GLOBAL CLEAR
GLOBAL DSDATA
GLOBAL DSADDH
GLOBAL READ
GLOBAL RIN
GLOBAL TERMIN

GLOBAL GLB2
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GLOBAL TRMOUT
GLOBAL BAUD

BINDEC PUSH H ;THIS SUB CONVERTS BINARY WORDS INTO 4

PLACE DECIMAL
PUSH B
PUSH PSW
MVI A,OF8H ;THIS IS OUR LOOP COUNTER 8 FOR 8 BITS

PER BYTE
STA 184FH ;STORE IN BUFFER
XRA A ;THIS IS TO DETERMINE IF MSBYTE HAS

BEEN PROCCESSED
STA 182Ch
LXI H,BIN ;LOAD -HL- WITH BEGINNING OF LOOK UP

TABLE
LXI B,0000H ;LOAD -BC- WITH DECIMAL ZERO

G188 MOV A,E ;-DE- CONTAINS BINARY DATA TO BE
CONVERTED

RAR ;CHECK FOR A SET BIT

MOV E,A
JNC G192 ;JUMP IF NOT SET
MOV A,C ;GET DECIMAL EQUIVALENT
ADD M ;ADD TO WHATS IN MEMORY AT LOCATION

-HL-
JC G189 ;JUMP IF WE NEED TO ADD TO NEXT BYTE
DAA ;ADJUST DECIMAL
JNC G190 ;JUMP IF NO CARRY OUT OF FIRST BYTE

G191 INR B ;ADD ONE TO -B- IF CARRY
G190 MOV C,A ;ADJUST DECIMAL

INX H ;POINT TO MSBYTE OF EQUIVALENT
MOV A,B ;GET MSBYTE OF DECIMAL EQUIVALENT
ADD M ;ADD TO BYTE POINTED TO BY -HL-
DAA ;ADJUST -ACC-
MOV B,A

G193 INX H ;POINT TO NEXT BIT E:UIVALENT
LDA 184Fi ;INCREAMENT BIT COUNTER
INR A
STA 184FH
JNZ G188 ;JUMP AND CONTINUE WITH NEXT IF NOT

DONE
MOV E,D ;MOVE MSBYTE OF BINARY INTO -E-
LDA 182CH ;JUMP IF THIS SECTION WAS ALEADY DONE
RLC
JNC G198 ;JUMP IF IT WASNT
MOV D,B ;MOVE DECIMAL NUMBER INTO -DE-
MOV E,C
POP PSW
POP B
POP H
RET

G189 DAA ;ADJUST DECIMAL
INR B ;ADD ONE TO MSBYTE OF DECIMAL
JC G191 ;IF A CARRY OUT OF DECIMAL ADJUST
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. P1INCREAMENT -B-imp G190
G192 INX if ;CURRECT POINTER

JMP G193
G198 MV1 A,OFFii ;SET FLAG THAT WE HAVE DONE PART ONE

STA 182CH
MVI A, OF81H
STA 184FH
JMP G188

GOTO MVI A,071 ;THIS PROGRAM GIVES PROCCESSOR CONTROL

AT LOCATION XXXXLXI 11,M5
LXI D,000411 ;OFFSET THIS MESSAGE
DAD D
CALL MESSAG

LXI fl, 1807d
CALL ADDRESRC

XCHG
PCHL

DSDATA PUSH D ;THIS SUB SEPARATES DATA INTO TO
INIBBLES AND DISPLAYS

PUSH Psw ;THEM ,IT ALSO CONVERTS IF NEEDED
MOV E,A ;SAVE DATA IN -E-
MOV A,M ;CIIECK TO SEE IF CONVERTION IS NEEDED
RRC
RRC
RRC ;MOVE BINARY FLAG INTO -ACC-
JC G81 ;JUMP IF IT IS ALREADY IN BINARY
MVI D,OOH ;SET UP TO CONVERT -DE-
CALL BINDEC
MOV A,D ;NOW SEPARATE INTO 3 NIBBLES AND

DISPLAYANI OF'I ;MASK OUT HIGH NIBBLE
CALL TRMOUT
STA 3805H ;DISPLAY IT
MOV A,E
ANI OFOH ;MASK OUT LOW NIBBLE
R RC
RRC ;MOVE HIGH NIBBLE INTO LOW NIBBLE
RRC
RRC
CALL TRMOUT
STA 38061H ;DISPLAy IT
MOV A,L
ANI OFH
CALL TRMOUT
STA 3807H ;DISPLAY IT

G213 POP PSW
POP D
RET

G81 MOV A,E ;ALREADY BINARY SO DISPLAY ONLY 2
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NIBBLES
ANI 0FOH ;MASK OUT HIGH NIBBLE
RRC
RRC
RRC
RRC
CALL TRMOUT
STA 3806H ;DISPLAY IT
MOV A,E
ANI OFH ;MASK OUT LOW NIBBLE
CALL TRMOUT
STA 3807H
JMP G213

DSADDR PUSH H ;THIS SUB SEPARATES ADDRESS INTO 4
NIBBLES AND DISPLAYS

PUSH D ;THEM IT ALSO CONVERTS IF NEEDED
PUSH PSW
MOV A,M ;PUT THE STATUS INTO THE -ACC-
RRC ;CHECK FOR CIRECT ACCESS FLAG
JC G82 ;JUMP IF NO ADJUSTMENT IS NEEDED
LXI H,0E000H;SUBTRACT 2000H FROM ADDRESS
DAD D
XCHG
RRC ;IS DATA BINARY
RRC
JC G82 ;JUMP IF IT IS
CALL BINDEC ;CONVERT IF NEEDED

G82 M OV A,D ;WE WILL NOW DISPLAY -DE-
ANI OFOH ;MASK OUT HIGH NIBBLE
RRC
RRC
RRC
RRC
CALL TRMOUT
STA 3800H ;DISPLAY IT
MOV A,D
ANI OFH ;MASK OUT LOW NIBBLE
CALL TRMOUT
STA 3801H ;DISPLAY IT
MOV A,E
ANI OFOB ;MASK OUT HIGH NIBBLE
RRC
RRC
RRC
RRC
CALL TRMOUT
STA 380211 ;DISPLAY IT
MOV A,E
ANI OFH ;MASK OUT LOW NIBBLE
CALL TRMOUT
STA 3803H ;DISPLAY IT
POP PSW
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POP D
PO P H
RET

BAUD LXI H,M13 ;TiIS SUB CHANGES THE BAUD RATE FOR
TERMINAL USE

MVI A,04H ;SET UP TO DISPLAY RATE
CALL PESSAG
LXI H,1850d ;LOAD -HL- WITH FAKE STATUS ADDRESS
MVi A,05H ;SET DIRECT AND OINARY FLAGS
MOV M,A ;STORE STATUS
CALL ADDRES ;GET AUD RATE

JC G28 ;JJ.1P IF ERROR
LXI B,1280 ;LOAD DIVIDER FOR 75 BAUD
LXI H, 007511
CALL CMPDH
JZ G171 ;JUMP IF 75 BAUD
LXI B,873 ;liU BAUD
LXI H,0110H
CALL CMPDll
JZ G171

LXI B,320 ;300 BAUD
LXI l,0300H
CALL CM[DH
JZ G171

LXI B,160 ;600 BAUD
LXI H , 0o0ad
CALL CMPDii
JZ G171
LXI B,80 ;1200 3AUD
LXI H,1200H
CALL CMPDII
JZ G171
LXI B,40 ;2400 BAUD
LXI H,240011
CALL CMPDH
JZ G171
LXI B,20 ;4800 3AUD
LXI H,4800Hi
CALL CMPDH
JZ C171
LXI B,10 ;9600 BAUD
LXI 11,9600H
CALL CMPDi
J.4Z G28

G171 MVi A,3E1 ;SET UP TO TURN ON SYSTEM USART CLOCK
OUT 0D3r
MOV A,C ;OUTPUT DIVIDER
OUT 01JOH
.OV A,[3
OUT ODOH
CALL ENDIT
RET
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G28 CALL ERROR
RET

SWITCH LDA 1855H ;THIS SUB SWITCHES THE OUTPUT AND INPUT
DEVICE TO THE OPPOSITE OF WHICH IT WAS

RAL
CMC
RAR

STA 1855H
IN 0B2H ;NOW COMPLIAMENT CONSOLE LED
ANI 02H ;REMOVE ALL BITS BUT THE 2ND
CMA ;COMPLIAMENT BIT 2
ANI 02H

RRC ;ROTATE INTO LSBIT
ORI 0 2H
OUT OB3H
CALL ENDIT ;FINISHED GO HOME
RET

ASCONV CPI OBOH ;THIS SUB CONVERTS ASCII TO SYSTEM
BINARY

RC ;IS IT GREATER THAN OR EQUAL TO A 0?
CPI OBAH ;IS IT LESS THAN AN A?
JNC G8 ;JUMP IF ITS NOT
SUI OB01H ;CONVERT TO BINARY 0 TO 9
RET

G8 CPI OCIH ;IS IT GREATER THAN OR EQUAL TO AN A?
RC ;RETURN IF IT ISNT
CPI OC7H ;IS IN LESS THAN A G?
RNC ;RETURN IF IT ISNT
SUI 0B7H ;CONVERT TO BINARY A TO F
RET

BINCON RAL ;THIS SUB CONVERTS SYSTEM BINARY TO
ASCII

JC G29 ;JUMP IF MSBIT IS SET THIS MEANS
ALREADY IN ASCII

RAR
CPI OAH ;IS IT LESS THAN A?
JNC G31 ;JUMP IF ITS NOT
ADI 08011 ;CONVERT TO ASCII 0 TO 9
RET

G29 RAR
RET

G31 ADI 0B7H ;CONVERT TO ASCII A TO F
RET

FILLM MVI C,00H ;THIS PROGRAM FILLS DEFINED MEMORY WITH
DEFINED DATA

G66 INR C ;THIS TELLS YOU WHAT ADDRESS POSITION
YOU ARE FILLING

MOV A,C ;FIND OUT WHICH ONE YOUR FILLING AND
DISPLAY MESSAGE

CPI 01H ;IS IT THE FIRST ONE ?
JZ G67 ;JUMP IF IT IS
LXI H,M6
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G69 MVI A, 08H
CALL MESSAG

G71 LXI H,1802H ;PUT STATUS ADDRESS IN -HL-
CALL ADDRES ;GET AN ADDRESS
JC G72 ;JUMP IF THERE WAS AN ERROR IN THE SUB
PUSH D ;SAVE THE ADDRESS
MOV A,C ;FIND OUT IF THIS IS THE LAST ADDRESS

NEEDED
CPI 02H
JNZ G66 ;JUMP IF IT ISNT THE LAST ONE
LXI H,M7 ;SET UP TO DISPLAY DATA MESSAGE
LXI D,0004H ;OFFSET THIS MESSAGE
DAD D
MVI A,04H
CALL MESSAG
LXI H,1802H ;SET UP TO GET A DATA BYTE
CALL GETDAT

JC G79
POP D ;PUT MAX ADDRESS INTO -DE-
POP Hi ;PUT MIN ADDRESS INTO -ML-
PUSH PSW ;SAVE FILLER
CALL CMPDH ;SEE IF MAX IS LESS THAN MIN
JC G77 ;JUMP IF IT IS
POP PSW ;GET BACK FILLER

G74 CALL FILL ;FILL MEMORY WITH FILLER
CALL ENDIT
RET

G79 LHLD 182AH ;SET UP TO ESCAPE
PC HL

G77 LXI H,M4 ;SET UP TO DISPLAY MIN>MAX
MVI A, 07H
CALL MESSAG
LXI H,3FFFH
POP PSW
CALL BELL
RET

G67 LXI lI,M5 ;JUMP TO DISPLAY MESSAGE
JMP G69

G72 MOV A,H ;FIND OUT WHAT ERROR IS PENDING
CPI 05i- ;IS IT A MODE ERROR?

JZ G79 ;RETURN IF IT IS
CPI OOH ;IS IT A 0000 ADDRESS?
JZ G73 ;JUMP TO FIND OUT IF STANDARD FILL IS

TO BE USED
G68 LXI H,3FFFH ;SET UP TO RING BELL AND TRY FOR A GOOD

ADDRESS
CALL BELL
JMP G71

G73 MOV A,C ;IF ADDRESS COUNTER IS 1 THEN STANDARD
FILL IS USED

CPI 01H
JNZ G68 ;TRY FOR A GOOD ADDRESS
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LXI H.2000H ;SET UP FOR STANDARD FILL
LXI D,27FFH
MVI AOFFH
JMP G74 ;JUMP TO FILL

TERMIN IN 91H
RAR
RAR
JNC TERMIN ;JUMP IF NO DATA
IN 90H ;READ IN DATA
ORI 80H
PUSH B

MOV BA ;SAVE DATA
LDA 18EAH ;GET RETURN FLAG
RAL
MOV AB
POP B
CNC ASCONV ;CALL IF NOT SET
JMP G5B2

TRMOUT PUSH B ;THIS SUB DISPLAYS -ACC- ON TERMINAL
PUSH PSW
LDA 1855H ;IS TERMINAL ACTIVE?
ORA A
JP G17 ;JUMP IF IT ISNT ACTIVE
CALL BINCON ;CONVERT TO ASCII
MOV BA

G181 IN 91H ;TEST FOR ERRORS AND READINESS
RAR
JNC G181 ;JUMP IF NOT READY
MOV AB
OUT 90H ;DISPLAY

G17 POP PSW
POP B
RET

TRNSMT PUSH B ;THIS SUB TRANSMITS DATA TO BALLOON
MOV B,A ;SAVE DATA

GI IN OCIH ;WAIT FOR TRANSMITTER READY
RAR
JNC GI ;JUMP IF TRANSMITTER NOT READY
MOV A,B
OUT OCOH ;TRANSMIT DATA
POP B
RET

RECEV PUSH H ;THIS SUB RECEIVES DATA FROM BALLOON
PUSH D

G2 IN 91H ;CHECK IF THERE IS TIME LEFT
RLC
JNC G3
LDA 1829H ;WHICH TRANSMITTION MEDIA IS USED?
RA L
JC G7 ;JUMP IF MEDIA IS USART
CALL LDBUFF ;TRANSITION MEDIA IS TM
MOV AM ;GET NEW BUFFER DATA AND CHECK FOR SYNC
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CPI 90H
JZ G83 ;JUMP IF IN SYNC
LHLD 182AI
LXI SP,1COOH
PUSH H
PCHIL

G83 LDA 196EH ;GET STATUS BYTE
ANI 0411 ;IS THERE DATA IN TTY LOCATION?
JZ G2 ;JUMP IF NO DATA YET
LHLD 19AEII ;GET LOCATION OF TTY BYTE
MOV A,M ;GET TTY DATA

GG POP D
POP H
ORA A
RET

G3 STC ;SET ERROR FLAG
POP D
POP H
RET

G7 IN oc 1H ;CHIECK DSR
RAL
JNC G3
RAR
RAR
RAR ;CHECK RECIEVER READY
JNC G2 ;JUMP IF NOT READY
IN OCOK ;GET DATA
imp G6

CNVRT MOV A,H ;THIS SUB CONVERTS -ilL- INTO FOUR ASCII
C HARECTORS

ANI OFOH ;DO TOP NIBBLE FIRST
RRC
RRC
RRC
RRC
CALL BINCON ;CONVERT TO ASCII
STAX D ;STORE IN -DE-
INX D
MOV A,H ;DO NEXT NIBBLE
ANI OFPl
CALL BINCON
STAX D
INX D

CNVRT1 MOV A,L ;IF ENTERED HERE WILL CONVERT -L- INTO
TWO CHAR

ANI OFOH
RRC
RRC
RRC
RRC
CALL BINCON
STAX D
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INX D
MOV A, L
ANI OFH

CALL BINCON
STAX D
INX D
RET

RPAGE MVI A,OFFH ;THIS SUB SETS UP TO RUN A PAGE DURING
MAIN

JMP G5

RBOOK XRA A ;THIS SUB SETS UP TO RUN A BOOK DURING
MAIN

G5 STA 182FH ;THIS BUFFER TELLS IF BOOK OR PAGE IS

TO BE RUN
LXI H,MI2A ;SET UP TO DISPLAY ADDRESS MESSAGE

MVI A,07H
CALL MESSAG
LXI H,184FH ;LOAD -HL- WITH FAKE STATUS LOCATION
MVI A,0511 ;SET STATUS FOR DIRECT BINARY
MOV M,A
CALL ADDRES ;GET LOCATION OF PAGE OR BOOK
RC ;RETURN IF ERROR

LXI H,19BOH ;LOAD -HL- WITH BEGINNING OF BUFFER TO
STORE THIS DATA

MVI A,02H ;STORE A STX CHARECTOR
MOV M,A
INX H
LDA 182FH ;IS THIS RUNNING A BOOK OR PAGE?
RLC
MVI A,04H ;LOAD -ACC- WITH PAGE DEFINITION
JC G9 ;JUMP IF IT IS A BOOK
MVI A,02H ;LOAD -ACC- WITH PAGE DEFINITION

G9 MOV M,A ;STORE COMMAND DEFINITION
INX H
XCHG
CALL CNVRT ;NOW CONVERT AND STORE ADDRESS
XC HG
MVI A,03H ;STORE ETX CHARECTOR
MOV M,A
JMP MAIN

NPAGE MVI A,02H ;THIS SUa IN CONJUNCTION WITH OTHER

FUNCT IONS
STA 1980H ;CONSTRUCT A PAGE AND SET IT UP TO BE

RUN IN MAIN
MVI A,01H ;STORE STX THEN COiMAND DEFINITION

oT'A 1913lH

LHLD 2400H
CALL CNVRT
LHLD 2402H
CALL CNVRT
LDA 2404H
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MOV L,A
CALL CNVRT1
LHLD 2405H
CALL CNVRT
LHLD 2407H

CALL CNVRT
LXI B,2409H

G84 LDAX B
MOV L,A
CALL CNVRTI
MOV A,C
INX B
CPI 15H
JNZ G84

LHLD 2416H
CALL CNVRT

MVI A,03H ;NOW STORE ETX
STA 19E2H
JMP MAIN

DUMP MVI A,08H ;STORE COMMAND FOR DUMP DURING MAIN
GI0 STA 191H

MVI A,02H ;STORE srx

STA 19B0H
MVI A,03H ;STORE ETX
STA 19B2H
JMP MAIN

CONT MVI A,40H ;STORE COMMAND FOR CONTINUE DURING MAIN
JMP GIO

WAIT MVI A,20H ;STORE COMMAND FOR WAIT DURING MAIN
Rmp G10

RATIO LXI H,M31 ;THIS SUB DEFINES RATIO F014 USE WITH
NPAGE

MVI A,06H ;DISPLAY ADDRESS MESSAGE
CALL MESSAG
LXI H,1809 ;LOAD -HL-GEITH STATUS ADDRESS
CALL ADDRES ;GET RATIO
JC RATIO ;JUMP IF ERROR IN SU
LDA 1809H
ANI 02d
Lz G4
LXI H,0EOOH
DAD D
XCHG

G4 MOV A,E
STA 2407H
MOV A,D
STA 2408H
CALL ENDIT
RET

MASK LXI H,M31 ;THIS SUB DEFINES MASK FOR USE WITH
NPAGE

MVI A,06H ;DISPLAY NUMBER MESSAGE
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CALL MESSAG
LXI H,1809H ;LOAD -HL- WITH STATUS ADDRESS
CALL GETDAT ;GET MASK
JC MASK ;JUMP IF ERROR IN SUB
STA 2414H
CALL ENDIT
RET

IDNUM LXI H,M31 ;THIS SUB DEFINES PROGRAM ID FOR USE
WITH NPAGE

MVI A,06H ;DISPLAY NUMBER MESSAGE
CALL MESSAG
LXI H,1809H ;LOAD -HL- WITH STATUS ADDRESS
CALL ADDRES ;GET IDNUM
JC ID1UM ;JUMP IF ERROR IN SUB
MOV A,E
STA 2416H
MOV A,D
STA 2417H
CALL ENDIT
RET

LOP LXI H,M31 ;THIS SUB DEFINES NUMBER OF LOOPS USED
WITH NPAGE

MVI A,06H
CALL MESSAG ;DISPLAY NUMBER MESSAGE
LXI H,1809H ;LOAD -HL- WITH STATUS ADDRESS
CALL GETDAT ;GET NUMBER OF LOOPS
RC ;RETURN IF ERROR
STA 2404H
CALL ENDIT
RET

TIME LXI H,M31 ;THIS SUB DEFINES TIME INTERVAL USED
WITH NPAGE

MVI A,05H
CALL MESSAG ;DISPLAY NUMBER MESSAGE
LXI H,1809H ;LOAD -HL- WITH STATUS ADDRESS
CALL ADDHES ;GET TIME
RC ;RETURN IF ERROR
LDA 1809H
ANI 02Hi
JZ G12
LXI H,0E000H
DAD D
XC HG

G12 MOV A,E
STA 240511
MOV A, D
STA 2406H
CALL ENDIT
RET

AMU LXI H,M30 ;THIS SUB DEFINES START AND STOP AMU
USED WITH NPAGE

MVI A,06H ;DISPLAY START? MESSAGE
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CALL MESSAG
CALL READ ;GET A YES OR NO ANSWER
CPI 9dH ;IS IT AN ESC?
RZ ;RETURN IF IT IS
CPI OCEH ;IS IT AN N?
JZ Gil ;JUMP AND BYPASS DEFINING START AMU
CPI OD9H ;IS IT A YES?
JNZ AMU ;JUMP IF ITS NOT
LXI H,M31 ;DISPLAY NUMBER MESSAGE
MVI A, 0311
CALL MESSAG
LXI H,1809H ;LOAD -HL- WITH STATUS ADDRESS
CALL ADDRES ;GET START AMU
JC AMU ;JUMP IF ERROR IN SUB
LDA 1809H
ANI 02H
JZ G13
LX1 H,0E000H
DAD D
XCHG

G13 BYTE 18H,18H ;ROTATE -DE- TO THE LEFT 2 TIMES
LXI H, 1000H
CALL CMPi-
JNC AMU
MOV A,E
ANI OFCH ;REMOVE 2 LSBITS
STA 2400H
MOV A,D
STA 24U01h

Gil LXI H,M32 ;DISPLAY ENDING?" MVI A, 07H

CALL MESSAG
CALL READ ;GET A YES OR NO ANSWER
CPI 9BH ;IS IT AN ESC?
RZ ;RETURN IF IT IS
CPI OCEH ;IS IT A NO?
JZ G80 ;RETURN IF ir IS
CPI OD9H ;IS IT A YES?
JNZ Gil ;JUMP IF ITS NOT
LXI H,M31 ;DISPLAY NUMBER MESSAG
MVI A,06H
CALL MESSAG
LXI H,180911 ;LOAD -HL- WITH STATUS ADDRESS
CALL ADDRES ;GET STOP AMU
JC Gil ;RETURN IF ERROR
LDA 1809H
ANI 02H
JZ G14
LXI H,OEOOOH
DAD D
XC HG

G14 BYTE 18H,18H ;ROTATE -DE- 2 TIMES TO THE LEFT
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LXI H,lOOOH
CALL CMPDH
JNC Gll
MOV ,
ORI 031H ;SET 2 LS31TS
STA 2402H
MOV AD
STA 2403H

G80 CALL ENDIT
RET

GOTOBB LXI H,M45 ;JUMPS TO REP,PROG,INST IN BBIMS
MVI A,08H ;DISPLAY RPETOIRE MESSAGE
CALL MESSAG
LXI H,1809H ;GET ADDRESS OF REP
CALL ADDRES
JC GO TOBB ;JUMP BACK IF ERROR
LXI H,1982H ;CONVERT AND STORE
XC HG
CALL CNVRT
XC HG

G15 LXI H,M43 ;DISPLAY PROGRAM MESSAGE
MYI A,07H
CALL MESSAG
LXI H1 1809H
CALL ADDRES ;GET ADDRESS OF PROGRAMf C G15 ;JUMP BACK IF ERROR
LXI H,19B6H ;CONVERT AND STORE
XC HGfCALL CNVRT
XC HG

G16 LXI fH,M44 ;DISPLAY INSTRCT MESSAGE
MVI A,07H
CALL MESSAG
LXI H,1809H
CALL ADDRES ;GET ADDRESS OF INST
JC G16
LXI H,l9BAH ;CONVERT AND STORE
XC HG
CALL CNVRT
MVI A,02H
STA 19B01H
MVI A, 1011
STA 19BlH
MVI A,03H
STA 19BEH1
imp MAIN
END
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STITLE "BSIMS4 WRITTEN BY JIM MANLEY FIFTH OF SIX"
GLOBAL TRM OUT
GLOBAL M40
GLOBAL M39
GLOBAL CMPDH
GLOBAL INITAL
GLOBAL MESSAG
GLOBAL GETDAT
GLOBAL ERROR
GLOBAL ADDRES
GLOBAL BELL
GLOBAL READ
GLOBAL ENDIT
GLOBAL M15
GLOBAL M16
GLOBAL M17
GLOBAL M18
GLOBAL M19
GLOBAL M20
GLOBAL M21
GLOBAL M22
GLOBAL M23
GLOBAL M24
GLOBAL M25
GLOBAL M26
GLOBAL M27
GLOBAL M28

GLOBAL M29
INITAL MVI A,OFFU

STA 1BEBH
LXI H,M22 ;THIS PROG DEFINES ALL CHANNELS FOR TM

SORTING
MVI A,07H ;DISPLAY AMU LOC MESSAGE
CALL GETLOC ;GETS A BYTE BETWEEN 0 AND 3F
JC G2
STA 18E4H ;STORE FOR D TO A RECOVERY

G2 MVI A,19H
STA 18E5H
STA 18E711
STA 18IE9H
LXI H,M21 ;DISPLAY DATA LOC MESSAGE
MVI A, 08.
CALL GETLOC ;GET ANOTHER TM BYTE DEF
JC GI
STA 18E611 ;STORE FOR DA STA 18E6H ;STORE

FOR D TO A RECOVERY
GI LXI H,M23 ;DISPLAY SBID LOC MESSAGE

MVI A,08H
CALL GETLOC ;GET ANOTHER TM BYTE DEF
JC G50
STA 18E8H ;STORE FOR SUB ID MATCH

G50 LXI H,M24 ;DISPLAY DISPLAY/MESSAGE
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MVI A, 06H
CALL MESSAG
MVI A,01H
STA 3806H
CALL TRMOUT
MVI A,OBFH

£ STA 3807H
CALL TRMOUT
LXI D,1900H ;POINT TO BEGINNING OF DISPLAY/LIST
CALL GETALL ;GET STANDARD DEFINITIONS
JC G3 ;JUMP IF NO NEED TO STORE
SHLD 1908H ;STORE LOW BYTE LOCATION
XCHG

SHLD 190AH ;STORE HIGH BYTE LOCATION
LXI H,M25 ;DISPLAY AMU# MESSAGE
MVI A,04H
CALL MESSAG
LXI H,1809H ;LOAD -HL- WITH STATUS LOC
CALL ADDRES ;GET AMU#
JC G3 ;SKIP REST IF CR IS ENTERED
MOV A,M ;DO WE NEED TO SUBTRACT 2000?
ANI 02H
JZ G39 ;JUMP IF WE DONT
LXI H,OEOOOH;SUBTRACT 2000

DAD D
XCHG

G39 BYTE 18H ;SHIFT -DE- TO THE LEFT 2 rIMES
BYTE 18H
MOV A,E ;REMOVE 2 LSBITS
ANI OFCH
MOV E,A
PUSH D ;SAVE AMU#

G37 LXI H,M26 ;DISPLAY STEP MESSAGE
MVI A,04H
CALL MESSAG
LXI H,1809H
CALL GETDAT ;GET BYTE
JC G37 ;JUMP IF ERROR
POP H ;RETRIEVE AMU#

ANI 03H ;COMBINE AMU# AND STEP
ORA L
MOV L,A
LXI D,OFFFH ;IS -[iL- GREATER THAN MAX

CALL CMPDH
JC G4 ;JUMP IF TO BIG

XCHG ;SHIFT -DE- TO THE LEFT FOUR TIMES
BYTE 18H
BYTE 18H
BYTE 18H
BYTE 18H
XCHG
SHLD 190CH ;STORE AMU MATCH DATA
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G3 LXI II,M24 ;DISPLAY DISPLAY 2 MESSAGE
MVi A,0611
CALL MESSAG
MVI A,02H
STA 3806H
CALL TRMOUT
MV[ A, 0BFH
STA 38U71i
CALL TRMOUT
LXI D,190EH ;POINT TO 13EGINNING OF DISPLAY 2 LIST
CALL GETALL ;GET STANDARD DEFINITIONS
JC G33 ;JUMP IF NO NEED TO STORE
SHLD 1916H ;STORE LOW BYTE LOCATION
XCHG
SHLD 1918H ;STORE HIGH BYTE LOCATION

G33 LXI H,M24 ;DISPLAY DISPLAY 3 MESSAGE
MVI A,06H ;THE REST IS THE SAME AS THE DISPLAY 2

SECTI ON

CALL MESSAG

MVI A,03H
STA 3806H
CALL TRMOUT
MVI A,OBFH
STA 38078
CALL TRMOur
LXI D, 191AH
CALL GETALL
JC G34 ;JUMP IF NO NEED TO STORE

SHLD 1922H
XCHG
SHLD 1924H

G34 LXI H,M24 ;DISPLAY DISPLAY 4 MESSAGE
MVI A,06H ;THE REST IS THE SAME AS THE DISPLAY 2

SECTION
CALL MESSAG
MVI A,04H
STA 3806H
CALL TRMOUT

MVI A,OBFII
STA 3807fI
CALL THMOU'
LXI D,1926H
CALL GETALL
JC G35
SHLD 192EH
XC HG
SHLD 193011

G35 XRA A
STA 18Eatl
MVI 8,00H ;THIS BEGINS THE ANALOG DEFINITIONS

G5 INiR B ;POINT TO NEXT AN CHANNEL
MOV A,B

278 -



CPI 06H ;IS THIS THE LAST ONE?
JZ GIO
PUSH B
LXI H,M28 ;DISPLAY ANALOG MESSAGE
MVI A,06H
CALL MESSAG
MVI AOBFH
STA 3307H
CALL TRMOUT

MOV A,B ;WHICH ANALOG CHANNEL?
STA 3806H ;DISPLAY WHICH ONE
CALL THMuUT
CPI 01H ;LOAD -1IL- WITH STARTING OF THE
JZ ICHANNELS LIST

CPI
JC G12
JZ GI3
CPI 05H
JC G 14

LXI D,1962H ;BEGINNING OF CHANNEL 5G15 PUSH H ;SAVE BEGINNING POINTER
CALL GETALL ;GET STANDARD DEFINITION
XC HG

POP D
POP b
JC G5 ;JUMP IF NO NEED TO STORE
MOV A,B ;GET CHANNEL NUMBER
CPI 01H
JZ G6

CPI 03H
JC G7
JZ G8
CPI 05H
JC G9
SHLD 196AH ;STORE BYTE LOCATION

GIO LXI H,M29 ;DISPLAY TTY LOC MESSAGE
MVI A,07H
CALL MESSAG
LXI H,1809H ;PUT STATUS ADDRESS INTO -HL-
MVI A,OFFH
STA 1849H
CALL GETDAT
JC G73 ;JJMP IF ERROR IN SUB
CPI 40H ;IS BYTE BETWEEN 0 TO 3F?
JNC GIO ;JUMP IF ITS NOT
ADI 6E H ;ADD OFFSET
STA 19AEH ;STORE BYTE LOCATION
MVI A,19H
STA 19AFH

G81 LXI H,M39
MVI A,07H
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CALL MESSAG
CALL READ
CPI 9BH
JZ G72
CPI 8DH
JZ G74
CPI OCEH
JZ G82
CPI OD99H
JNZ G81
XRA A
STA 1829H

G74 CALL ENDIT
RET

G82 MVI A,OFFH
STA 1829H
JMP G74

G73 ORA A ;IS -ACC- ZERO
JZ G81 ;JUMP IF IT IS AND END
JMP G10

GETLOC CALL MESSAG ;THIS SUB GETS A BYTE BETWEEN 0 AND 3F
LXI H,1809H ;LOAD STATUS ADDRESS INTO -HL-
MVI A,OFFH
SrA 1849H
CALL GETDAT
RC ;RETURN IF ERROR
CPI 40H ;IS IT LESS THAN 40?
JNC G40 ;JUMP IF ERROR
ADI 6EH ;ADD AN OFFSET
RET

G40 CALL ERROR
STC
RET

G4 LXI H,M27 ;DISPLAY BAD AMU MESSAGE
MVI A,07H
CALL MES6AG ;RING BELL
LXI H, 3FFFH ;RING BELL
CALL BELL
RET

Gil LXI D,1932H
JMP GI5

G12 LXI D,193E'!
J "AP G15

G13 LXI D,194AH
JIMP GI5

G 14 LXI D,1956H
JIMP Gi5

G6 SHLD 193AH
JMP G36

G7 SHLD 1946H
J.P G36

G8 SHLD 195211
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JMP G36
G9 SHLD 195EH
G36 LOAX D

ORI 01H1
STAX D
JMP G5

GETALL CALL READ ;THIS SUB GETS STANDARD DEFINITIONS
CPI 9BH ;IS ENTRY AN ESC?
JZ G72
CPI 8DH ;IS ENTRY A CR?
JZ G17 ;JUMP IF IT IS AND SKIP ALL DEFINITIONS
CPI OCEH ;IS ENTRY A N?
JZ G16 ;JUMP IF IT IS AND REMOVE ALL

I DEFINITIONS

CPI OD9H ;IS ENTRY A Y?

JNZ GETALL ;ERROR IN ENTRY SRART AGAIN
GI8 LXI H,M15 ;DISPLAY DATAVAL? MESSAG

MVI A, (18H
CALL MESSAG
CALL READ ;GET YES OR NO ENTRY
CPI 9BH ;IS ENTRY AN ESC
JZ G72
CPI OCEH ;IS IT A N?
JZ G19 ;JUMP IF IT IS
CPI 0D9H

JNZ G18 ;ERROR IN ENTRY TRY AGAIN
MVI A,OCOH ;LOAD -ACC- WITH FLAGS USED AND DATAi VALI D

G20 STAX D ;STORE FLAGS

G21 LXI H,M16 ;DISPLAY DECIMAL? MESSAGE
MVI A,08H
CALL MESSAG
CALL READ ;GET YES OR NO ENTRY
CPI 9BH ;IS ENTRY AN ESC?
JZ G72
CPI OCEH ;IS ENTRY A N?
JZ G22 ;JUMP IF IT IS
CPI 0D9H
JNZ G21 ;ERROR IN ENTRY TRY AGAIN
MVI B,2011 ;LOAD -B- WITH FLAG DECIMAL

G23 LDAX D ;LOAD FLAG INTO FLAG BUFFER
ORA B
STAX D

G84 LXI H,M40 ;DISPLAY MATCH? MESSAGE?
MVI A,06H
CALL MESSAG
CALL READ
CPI 9BH
JZ G72
CPI OCEH
JZ G79
CPI CD9H
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JNZ G84
MVI B, 08H

G85 LDAX D
ORA B
Si'AX D

G24 LXI H,M17 ;DISPLAY SUB IDS MESSAGE
MVI A,08H
CALL MESSAG
CALL READ
CPI 93H ;IS ENTRY AN ESC?
JZ G72
CPI oCEH ;IS ENTRY A N?
JZ G25 ;JUMP IF IT IS
CPI 0D91 ;IS ENTRY A Y?JNZ G24 ;ERROR IN ENTRY TRY AGAIN

MVI B,10H ;LOAD -8- WITH FLAG SUB IDS
LDAX D ;LOAD FLAG INTO FLAG BUFFER
ORA B
STAX D

PUSH D ;SAVE BUFFER ADDRESS
MVI B,00H ;SUB ID COUNTER

G28 LXI H,M18 ;DISPLAY SUB ID MESSAGE
MVI A,06H
CALL MESSAG
LXI H,1809H ;LOAD -HL- WITH STATUS ADDRESS
PUSH B ;SAVE SUB ID COUNTER
PUSH D ;SAVE SUB ID STORAGE POINTER
MVI A,0FFH ;TELL SUB GET DALL TO RETURN ON 00

ENTRY

STA 1849H
CALL GETDAT ;GET SUB ID NUMBER
POP D
POP B
JC G27 ;JUMP IF NO MORE ENTRIES
INX D ;SET UP TO STORE SUB ID
INR B
STAX D
MOV A,iB ;CAN THERE BE ANY MORE SUB IDS ENTERED
CPI 0711
JNZ G28 ;JUMP IF THERE CAN

G27 POP H ;GET BACK FLAG POINTER
MOV A,B ;LOAD SUB IF COUNTER INTO FLAGS
ORA M
MOV M,A

G26 LDA 18Eli!
ORA A
JZ G83
LXI f,MI9 ;DISPLAY LOW BYTE LOC MESSAGE
MVI A, 08ti
CALL MESSAG
LXI 1,180911 ;LOAD -HL- WITH STATUS ADDRESS

G29 MVI A,0FFH ;TELL SUB GErDAT TO RETURN
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STA 1849H
CALL GETDAT
CPI 40H ;IS IT A GOOD ENTRY?
JNC G30 ;JUMP IF NOT
ADI 6EH ;ADD AN OFFSET
MOV E,A ;SAVE LOW BYTE ADDRESS
MVI D,19H

G83 PUSH D
LXI H,M20 ;DISPLAY MSBYTE LOCATION MESSAGE
MVI A,08H
CALL MESSAG
LXI H,1809H ;LOAD -HL- WITH STATUS ADDRESS

G31 MVI A,OFFH ;TELL SUB GETDAT TO RETURN UPON 00
STA 1849H
CALL GETDAT
CPI 40H ;ENTRY MUST BE LESS THAN 40H
JNC G32 ;JUMP IF ITS NOT
ADI 6EH ;ADD AN OFFSET
MOV E,A ;PUT HIGH BYTE INTO -DE-
MVI D,19H
POP H ;PUT LOW BYTE INTO -HL-
RET

G79 MVI B,OOH
JMP G85

G72 CALL ENDIT
LHLD 182AH ;GET HOME ADDRESS AND RET
PCHL

G32 CALL ERROR
JMP G31

G30 CALL ERROR
JMP G29

G25 MVI B,00H ;RESET SUBID FLAG
LDAX D
ORA B
STAX D
JMP G26 ;GET BYTE LOCATIONS

G22 MVI 8,00H ;RETSET DECIMAL FLAG
JMP G23

G19 MVI A,80H ;RESET DATA VALID AND SET USED FLAGS
JMP G20

G16 XRA A ;CLEAR-ALL FLAGS
STAX D

G17 STC ;UPON RETURN DONT STORE BYTE LOCATIONS
RET
END
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STITLE "BBIMS5 WrITTEN BY JIM MANLEY SIXTH OF SIX"
GLOBAL CLEAR
GLOBAL G48
GLOBAL CMPDiI
GLOBAL LDd UFF
GLOBAL TTYLNK
GLOBAL BINDEC
GLOBAL MAIN
GLOBAL MOVE
GLOBAL FRAME

ALLDEF PUSH D ;GET FLAGS USED DECIMAL SUBID AND DATA
WORD UPON RETURNING

PUSH 13
MOV A,M ;UPON ENTERING -HL- CONTAINS POINTER TO

TOP OF LIST

RLC ;CHECK IS DISPLAY IS USED
CMC
JC G47 ;JUMP IF ITS NOT
RLC ;CHECK IF DATA VALID NEEDED
JC G41 ;JUMP IF IT IS NEEDED

G42 RLC ;CHECK FOR SUBIDS NEEDED
R LC
JC G43

G40 RLC
JNC G46
LDA 1830H
R LC
CMC
JC G47

G46 LXI D,0008H ;ADD 8 TO -HL- TO GET TO DATA LOCATIONS
DAD D
MOV E,M ;GET ADDRESS OF FIRST BYTE
INX H
MOV D,M
LDAX D ;GET LOW BYTE
MOV C,A
INX H ;GET ADDRESS OF LAST bYTE
MOV E,M
INX 1i
MOV D,M
LDAX D ;GET HIGH IYTe
MOV H,A ;PUT WORD INTO -HL-
MOV L,C
ORA A ;CLEAR CY BIT

G47 POP B
POP D
RET

LDBUFF LDA 18E3H ;CHECK FOR A BUFFER FULL

ORA A
JZ LDBUFF
DI
LDA 18E3H ;DONT LET BUFFER FLAGS CHANGE
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RAL ;IS BUFFER 1 FULL?
JC G51 ;JUMP IF IT IS
LXI H,18AOH ;LOAD -HL-DE-BC-- WITH MOVE PARAMETERS
LXI D,18DFH

G52 XRA A
STA 18E3H ;RESET BUFFER FULL FLAGS
El
LXI B,196EH
CALL MOVE
LXI H,196EH ;CHECK LAST WORK IN TM FOR SYNC
LDA 18E2H ;GET NUMBER OF BYTES IN FRAME
DCR A
ADD L ;ADD NUMBER OF BYTES TO POINTER
MOV L,A
RET

MAIN CALL CLEAR ;CLEAR ALL DISPLAYS
DI ;START OF MAIN TM OPERATING SYSTEM
XRA A ;FIRST FRAME THE PCM TRAIN
STA 18E3H
LXI H,1860H ;STORE BEGINNING OF TM BUFFER IN

POINTER
SHLD 18EOH
CALL FRAME

G48 MVI B,00H ;LET ONE ERROR IN FRAMEING GO BY
G49 PUSH B

CALL LDBUFF ;LOAD THE PCM BUFFER
MOV A,M ;GET LASr BYTE
CPI 90H ;CHECK FOR SYNC
JNZ G53 ;JUMP IF NOT RIGHT
DCX H
MOV A,M ;GET SECOND TO LAST BYTE
CPI 0EBH
JNZ G53 ;JUMP IF NO SYNC
MVI A,04H ;TURN ON SYNC LED
OUT OB 3H
POP B ;CORRECT THE STACK
LDA 196EH ;CHECK FOR DATA VALID
RLC
JNC G55 ;JUMP IF NO VALID DATA
LHLD 18E4H
MOV D,M
INX H
MOV E,M
XC HG
BYTE 10li,10H,10H,10H,101,IOj
MOV A,L
OUT F IH
BYTE 10HI, 10H
MOV A,L
OUT OFOH
LHLD 18E6H
MOV D,M
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INX H
MOV E,M
XC HG
MOV A, H
RLC
JC G56
MVI A, 09H

G57 OUT 063H
MOV A,L

OUT 0F4H
BYTE 1OH,10H,10H,1OH
MOV A,L
OUT OF3H
BYTE 10H,10U,1OH,10H
MOV A,L
ANI 07FH
OUT OF2H
LDA 196EH ;OUTPUT DATA VALID CPU DWN LEDS

CMA
ANI OE0H

MOV 13,A
IN Oi32H
AN1 1FH

ORA B
OUT 0832H

G55 LDA 196EH ;CHECK FOR BURST READY FLAG
ANI 08h
JZ G80 ;JUMP AND TURN OFF BELL
MVI A,06H ;TURN ON BELL IF GETTING READY TO DUMP

G78 OUT 0B3H
LDA 196EH ;CHECK DATA VALID FLAGS
RAL
CMC
MVI A,07H
RAL ;SET UP TO TURN ON OR OFF DATA VALID

LED
OUT 0B3H
LDA 196EH
ANI 04H ;CHECK FOR TTY ACTIVE
JNZ TTYLNK ;JUMP IF ACTIVE

XRA A ;CLEAR MATCH FLAG
STA 1830H
LDA 196EH
RLC
JNC G50

LHLD 190CH

CALL CMPDH
MVi A,00H
JNtZ G87

CMA
G87 STA 1830H
G50 LXI H,19001 ;LOAD -HL- WITH START OF DISPLAY 1
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PARAMETERS
CALL ALLDEF ;GET DATA
JC G60 ;JUMP IF NO UPDATE NEEDED
LDA 1900H ;CHECK FOR MATCH FLAG
ANI 08H
JZ G59 ;JUMP IF NO MATCH
BYTE 10H,10H,10H,10H,10H,10H

MOV A,H
ANI 03H
MOV H,A

G59 LDA 1900H ;CHECK FOR DECIMAL CONVERSION
ANI 20H
XC HG
CNZ BINDEC ;CALL IF CONVERSION NEEDED
MOV A,D ;NOW JI.iLAY ON DISPLAY 1

ANI OFOH
RRC
RRC
RRC
RRC
STA 1818H
MOV A,D
ANI OFH
STA 181AH
MOV A,E
ANI OFOH
RRC
RRC
RRC
RRC

STA 1819H
MOV A,E
ANI OFH
STA 1818H

G60 LXI H,190EH ;LOAD -HL- WITH POINTER FOR DISPLAY 2
CALL ALLDEF
JC G62 ;JUMP IF BY PASSED

LDA 190EH
ANI 08H

JZ G88
MOV AH

RAL

JNC G89
CMC
RAR

MOV H,A
MVI A,10H

G76 STA 1827H
LXI D,9999
CALL CMPDH
JNC G90
XNA A
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G91 OUT OB3i
G88 XC IG

LDA 190EH ;IS DECIMAL CONVERSION NEEDED?
AN1 20H
CNZ BINDEC ;CALL If CONVERSION NEEDED
MOV A,D ;DISPLAY ON DISPLAY 2
ANI OFOH
RRC
RRC
RRC
RRC
STA 1826H
MOV A,D
ANI OFH
STA 1825H
MOV A,E
ANI OFOH
RRC
RRC
RRC
RRC
STA 1824H
MOV A,E
ANI OF11
STA 1823H

G62 LXI 1,191AH ;LOAD -HL- WITH POINTER FOR DISPLAY 3
CALL ALLDEF
JC G61 ;JUMP IF BYPASSED
XC HG
LDA 191AH ;IS DECIMAL CONVERSION NEEDED
ANI 20H
CNZ BINDEC ;CALL IF IT IS
MOV A,D ;DISPLAY ON DISPLAY 3
ANI OFOH

RRC
RRC
RRC

RRC
STA 1821H
MOV A,D
ANI OFH
STA 1820H
MOV A,E
ANI OFOH
RRC
RRC
RRC
RRC
STA 181FH
MOV A,E
ANI OFHj STA 181EH
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G61 LXI H,1926H ;LOAD -HL- WITH POINTER FOR DISPLAY 4
CALL ALLDEF
JC G67 ;JUMP IF BY PASSED
XC HG
LDA 1926H ;DECIMAL CONVERSION NEEDED?
ANI 20H
CNZ BINDEC ;CALL IF IT IS
MOV A,D ;DISPLAY ON DISPLAY 4
ANI OFOH
RRC
RRC
RRC
RRC
STA 3800H
MOV A,D
ANI OFH
STA 3801H
MOV A,E
ANI OFOH
RRC
RRC
RRC
RRC
STA 3802H
MOV A,E
ANI OFH
STA 3803H

G67 RST 1 ;UPDATE HEX DISPLAYS
LXI H,1932H ;LOAD -HL- WITH POINTER FOR ANALOG I

CALL ALLDEF
JC G68 ;JUMP IF BY PASSED
MOV A,L
OUT OF5H ;OUTPUT TO AN

G68 LXI H,193EH ;LOAD -HL- WITH ANALOG 2 POINTER
CALL ALLDEF
JC G69 ;JUMP IF BYPASSED
MOV A,L
OUT OF6H ;OUTPUT TO AN2

G69 LXI H,194AH ;LOAD -HL- WITH ANALOG 3 POINTER
CALL ALLDEF
JC G70 ;JUMP IF BYPASSED
MOV A, L

OUT 0F7H ;OUTPUT TO AN3
G70 LXI H,1956H ;LOAD -HL- WITH ANALOG 4 POINTER

CALL ALLDEF
JC G71 ;JUMP IF BYPASSED
MOV A,L
OUT 0FBH ;OUTrPUT TO ANY

G71 LXI H, 1962H ;LOAD -HL- WITH ANALOG 5 POINTER
SCALL ALLDEF

JC G48 ;JUMP IF BYPASSED
MOV A, L
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OUT OF9H ;OUTPUT TO AN5
JMP G48

G80 MVI A,07i ;TURN BELL OFF
J14P G78

G41 MOV B,A ;CHECK FOR DATA VALID
LDA 196Eli
R LC
MOV A, b

CMC
JC G47 ;JUMP IF IT ISNT
JMP G42

G43 PUSH H ;SAVE FIRST POINTER LOCATION
PUSH PSW
MOV A,M ;GET W4UMBER OF SUdIDS IN LIST
ANI 07H
MOV B,A ;STORE IN -B-
XC HG
INX D ;POINT TO FIRST SUBID
LHLD 18E811 ;GET LOCATION OF PRESENT SUBID
MOV A,M ;GET PRESENT SUBID
XC HG

G44 CMP M ;COMPARE PRESENT SUBID TO SUBID LIST
JZ G45 ;JUMP IF THERE IS A MATCH
DCH B ;DECREAMENT NUMBER OF SUBIDS IN THE

LIST
JZ (77 ;JUMP IF NO MORE
INX H ;POINT TO NEXT SUBID
JMP G44

G89 MVI A,0AOH
JMP G76

G90 MV1 A,01H
JmP G91

G77 PUP PSW
POP H
STC
JMP G47

G45 POP PsW ;GET BACK FIRST POINTER LOCATION
PO P' H
JMP G40

G51 LXI li,1860H ;SET UP TO MOVE BUFFER 1 TO ANOTHER
BUFFER

LXI D,189FH
JMP G52

G53 POP B ;GET BACK -B-
MVI A,U5H ;TURN OFF SYNC LED

OUT OB3i1
MOV A,ts
MVI B,OFF11 ;SET SECOND TIME THROUGH FLAG
RLC ;IS THIS THE SECOND TIME THROUGH LOOP?

JC MAIN
JMP G49

G56 MVI A,08H ;TURN ON NEG LED
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Jm p G57
END
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SECTION TABLES
STITLE "LOOKUP TABLES AND MESSAGES FOR BBIMS SY J

MANLEY"
GLOBAL M40
GLOBAL M41
GLOBAL M42
GLOBAL M43
GLO3AL M44
GLOBAL M45
GLOBAL M39
GLOBAL LOOKP
GLO3AL M30
GLOBAL M31
GLOBAL M32
GLOBAL M33
GLOBAL M 34
GLOBAL M35
GLOBAL M3
GLOBAL M37
GLOBAL M38
GLOBAL MODE
GLOBAL M2A
GLOBAL BIASP
GLOBAL BIASS
GLOBAL MASKq8R ADN8.4

Q RPAGE.

GLOBAL RBOOK
GLOBAL NPAGE
GLOBAL DUMP
GLOBAL WAIT
GLOBAL GOTOBB
GLOBAL MONT
GLOBAL MAIN
GLOBAL fNITAL
GLOBAL RATI
GLOBAL LOP
GLOBAL TIME
GLOBAL AMU
GLOBAL NUMLK

GLOBAL BIN
GLOBAL Ml
GLOBAL M2
GLOBAL M3
G LOB AL M4
GLOBAL M5
GL0ttAL M6
GJLOBAL M7
G L 013AL M8
GLOBAL M9
GLOBAL M10
GLOBAL 

M ] l 
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GLOBAL M12
GLOBAL M13
GLOBAL M14
GLOBAL M15
GLOBAL M16
GLOBAL M17
GLOBAL M18
GLOBAL M19

GLOBAL M20
GLOBAL M21
GLOBAL M22
GLOBAL M23
GLOBAL M24
GLOBAL M25
GLOBAL M26
GLOBAL M27
GLOBAL M28
GLOBAL M29
GLOBAL FEPROM

GLOBAL SWITCH
GLOBAL BAUD
GLOBAL GOTO
GLOBAL BNRY
GLOBAL DCML
GLOBAL DIRECT
GLOBAL INDRCT
GLOBAL MOVEM
GLOBAL FILLM
GLOBAL DISPL
GLOBAL ALTR
GLOBAL COMPA
GLOBAL COMPD

LOOKP ASCII "BINARY "

WORD BNRY
BYTE OFFH,OFFH
BYTtE 92H,OF4H
ASCII "DECIMAL "
WORD DCML
BYTE OFFH,OFFH
BYTE 9311,OF3H
ASCII "DRCT
WORD DIRECT
BYTE OFF{, 0FFH
BYTE 94H,OF6H
ASCII "INORCT "

WORD INDRCT
BYTE OFFH, OFFII
BYTE 95H,OF4H
ASCII "MOVE "
WORD MOVEM
BYTE 03H, 18I
BYTE 96U, OF6H
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ASCII "FILL
WORD FILLM
BYTE 02H,18H
BYTE 97H,0F6H
ASCII "DISPLAY "

WORD DISPL
6 YTE OOH,18H
BYTE OFFH, OFFH
ASCII "ALTER "
WORD ALTR
BYTE 01i, 18H
BYTE 981i,OF5H
ASCII ONC OMPA ON
WORD COMPA

BYTE 05H,18H
B Y'r 99H,0F5H
ASCII "COMP "

WORD COMPD
dYTE 05H,18H
BYTE 9A,OF5||
ASCII "GO "

WORD GOTO
BYTE 07H,18H
BYTE 91H, OFt
ASCII "BAUD "

WORD BAUD
BYTE 4Ff], 18Hl
BYTE 9CH,OF6H
ASCII "SIEPRM O
WORD FEPROM
BYTE 07i, 18H
BYTE 9OH,0F4H
ASCII "SWITCH "
WORD ISW LTC
BYTE 4FI1, 18t1
BYTE 9El, 0F4H
ASCII "MAIN "

WORD MAIN
BYTE 091,18H
BYTE 9FH, 0F6H
ASCII "INITIAL
WORD INITAL
BYTE 09H,18H
BYTE 0AOH, 0F3H
ASCII "RPAGE "

WORD RPAGE
BYTE 09H,18H
a Y'rE 0133H, OF 511
ASC II " RBOOK ON
WORD RBOOK
BYTE 09H, 18H

BYTE OB4H, 0F511
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ASCII "NPAGE "
WORD NPAGE

BYTE 09H,18H

BYTE 0ACH, OF511
ASCII "DUMP "

WORD DUMP

BYTE 09H,18H
BYTE OADH,OF6H
ASCII "WAIT
WORD WAIT
BYTE 09H,18H
BYTE OAEH,,OF6H
ASCII "CONT "

WORD CONT
BYTE 09H,18H
BYTE OAFH, 0F611
ASCII "GUBB "

WORD GOTOBB
BYTE 09H,18H

BYTE OABH,OF6H
ASCII "MASK "
WORD MASK
BYTE 09H,18H
BYTE OA1H,OF611

ASCII "IDNUM "

WORD IDNUM
BYTE 0911, 18H
BYTE 0A2H,OF5H
ASCII "BIASP "

WORD BIASP
BYTE 09H, 18H
BYTE 0A311,0F5H
ASCII "BIASS "

WORD BIASS
BYTE 09tl,18H
BYTE OA9H,0F5H
ASCII "MODE "

WORD MODE
BYTE 09H, 18H
BYTE 0A4H,,0F6H
ASCII "RATIO "

WORD RATIO

BYTE 09H,18H
BYTE OA5H,OF5H
ASCII "LOP "

WORD LOP

BYTE 0911,18H
BYTE OA6H,OF7H
ASCII "TIME "

WORD TIME
BYTE 09H,18H

BYTE 0A7t1,0F6H
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ASCII "AMU "

WORD AMU
BYTE 0911,18H
BYTE 0A8H, OF7H
WORD OFFFFH

M1 ASCII "OLD MIN"
M2 ASCII "OLD MAX"
M3 ASCII "NEW MIN"
M4 ASCII "MIN>MAX"
M5 ASCII "MIN ADDRESS"
M6 ASCII "MAX ADDRESS"
M7 ASCII "BAD DATA?"

M8 ASCII "MODE?"
M9 ASCII "ERROR"
MI0 ASCII "END"
MIU ASCII "AGAINST"
BIN WORD

1, 2, 4, 8, 16H, 32H, 64H, 12811, 256H, 512H, 10241,2048H,4096H
WORD 8192H,6384H,2768H,5536H

NUMLK BYTE 03H ;HEX SEGMENT LOOKUP TABLE 0
BYTE 9vi ;I
BYTE 25H ;2
BYTE ODH ;3
BYTE 99i1 ;4
BYTE 49H ;5
BYTE 411 ;6

BYTE IFH ;7
BYTE 0111 ;8
BYTE 1911 ;9
BYTE 11 ;A
BYTE 0CIii ;B
BYTE 63H ;C
BYTE 85H ;D
BYTE 61H ;E
BYTE 71H F
BYTE 0FDFI

M12 ASCII "BAD "
M12A ASCII "ADDRESS"
M13 ASCII "RATE"
M14 ASCII " BJC-2"
MI AS5CI I "DATAVAL?"
MI6 ASCI I "DECIMAL?"
ml ASCII "SUB IDS?"
M1 ASCII "SUB ID#"
M19 ASCII " LbYT LOC"
M2U ASCii " II3YT LOC"
M21 ASCII "DATA LOC"
V.2 AS;CII "AMU !OC"
M23 ASCII "SdID LUC"
M124 ASCII "DSPLAY"
M25 ASCII "AMJ "
M26 ASCII "STEP"
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M27 ASCII "BAD AMU"
M28 ASCII "ANALOG"
:29 ASCII "TTY LOC"
M30 ASCII " START? "
M31 ASCII "NUMBER"
M32 ASCII "ENDING?"
M33 ASCII "DOWN?"
M34 ASCII "AMU SWP?"
M35 ASCII "TOTIONS?"
M36 ASCII "ACCUM?"

M37 ASCII "S ITCH?"
M38 ASCII "BIAS"
M39 ASCII "PCMLNK?"
M40 ASCII "MATCH?"
M41 ASCII "STEPING?"
M42 ASCII "VALUE"
M45 ASCII " RPiTOIR "
M43 ASCII "PROGRAM"
M44 ASCII "INSTRCT"

END

t]
iti
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